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L  — NOTE  ON  HALCAMPA  CHRY8ANTHELLUM,  PEACH. 
By  ALFRED  C.  HADDON,  M.A.,  M.R.I. A.,  Professor  of 
Zoology,  Royal  College  of  Science,  Dublin. 

[Bead,  Noyember  18,  1886.] 

AT  the  ooiresponding  meeting  of  the  Sooietj  last  year  I  read  a 
Paper  on  ^'  A  New  Species  of  Haloampa  (JJ.  andrmi),  from 
Ifalahide,"  which  was  printed  in  the  ProceedingSj  n.  s.,  Tol.  iv., 
pp.  396-398,  pi.  XVI.,  figs.  1-4.  Since  that  date  I  have,  through 
the  kindness  of  my  friends  Mr.  H.  W.  Jacob  and  Mr.  G*.  Y.  Dixon, 
seen  several  specimens  of  Haloampa  from  Malahide,  and  I  find 
that  every  one  has  some  variation  in  colour  or  marking.  This 
&ot  has  led  me  to  reconsider  the  characters  upon  which  I  based 
the  new  species  just  alluded  to,  and  it  has  resulted  in  the  opinion 
that  it  would  be  wiser  to  withdraw  that  name,  and  to  regard  our 
Dublin  specimens  as  the  first  known  Irish  examples  of  H.  chry- 
MnUhellumj  Peach. 

While  regretting  the  fact  of  introducing  what  I  may  term  a 
stillborn  synonym  (especially  when  ooupled  with  the  name  of  my 
friend  Professor  A.  Andres),  the  figures  at  all  events  convey  a 
much  better  idea  of  the  species  than  the  very  unsatbfaotory  ones 
on  plate  vii.  in  Gosse's  Monograph,  and  so  far  the  Paper  is  not 
altogether  valueless. 

•CURT.  PKOC,  B.D.8. — VOL.  T.  FT.  I.  B 
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In  order  to  siibstclnfiale  my  present  view,  I  propose  to  give  a 
brief  account  of  all  the  descriptions  we  have  of  JET.  chrysanthellumy 
together  with  a  short  description  of  the  specimens  which  have 
passed  under  my  notice.  This  will,  I  hope,  have  the  further 
effect  of  putting  other  naturalists  on  their  guard,  and  of  tending 
to  give  some  idea  as  to  the  specific  characters  of  this  form. 

The  following  is  the  bibliography  of  this  species : — 

Actinia  chrysantheUum,      .     Peach,  1847,  in  Johnston's  Biit.  Zooph,, 

2nd  ed.,  p.  220,  pi.  xxxvn.,  figs. 
10-16. 

Edwardsia  duodecimcirratay    Sars,  1861,  Xyt,  Mag,  for  Naturvid.,  vi., 

p.  142. 
„  ,,  .     Cocks,  1861,   Eep,   R,  Cornwall  FolyUch, 

Soc,  ix.,  p.  6,  pi.  I.,  figs.  20,  21. 
„  „  .     Landsborough,  1862,  Pop.  Hist,  of  Brit. 

Zoophytes. 

Peachia  (?), Oosse,    1866,     Tra7is.    Linn.    Soc,    xxi., 

p.  271. 
,,  ,,  .     GoBSe,    1866,   Manual,    Marine  Zool.,   i., 

p.  81. 
,,  „  .     Milne  Edwards,  1867,  Hist.  Nat.  des  Cm-al- 

liaires,  p.  288. 

HaUampa, Gosse,  1868,  Ann.  Mag.  Nat.  Hist.  (8),  i.> 

p.  418. 

Edwardsia  duodecimcirrata,    Danielssen,  1869,  Nyt.  Mag.  for  Naturvid., 

xi.,  p.  46. 
„  „  .     Liitken,  1860,  Naturhist.  Foren.  Vidensk. 

Meddel.,  p.  196. 
„  ,,  .     Gosse,  1860,  AcUnologia  Britannica,  p.  247, 

pi.  vn.,  figs.  9,  10,  and  woodcut. 
„  „  .     Hincks,  1861,  Ann.  Mag.  Nat.  Hist  (8), 

viii.,  p.  868. 

Xanthiopus  bilateralis,  .     .    Eeferstein,  1868,  Zeitschriftfur  wiss.  ZooL, 

xii.,  p.  84,  pi.  n.,  fig.  22. 

Xanthiopus  fdttatusy      .     .    Eeferstein,  1868,  loc.  cit.,  p.  84,  pi.  n., 

figs.  16,  16. 

Edwardsia  duodecimcirrata,    Meyer  and  Mobius,  1863,  Archiv.fur  Na* 

turyesch,  p.  70,  pi.  m.  figs.  A-D. 
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Halcampa  chrysantheUunit      Dana,    1872,   Corah    and   Coral   Islands^ 

p.  25,  fig.  8. 
„  „  .     Grube,  1878,  MittheU.  vher  St.  Malo  und 

Roscoff  u,  d.  dortigs  Meeres-besonders  ; 

die  AnneUdenfaima,  p.  88. 
„  M  .    Fischer^    1875,    N(mv.    Arch.    Mus.,    x.^ 

p.  204. 
,,  „  .     Andres,  1884,  Fauna  und  Flora  d.  Gol/es 

V.  NeapeL,  ix.,  p.  101, 

Haleampa  kefersteiniy    .     .     Andres,  1884,  ibid,,  p.  102. 

JSalcampafannacea,     .     .    Andres,   1884,   in  part  (not  of  Verrill), 

ibid.,  p.  102. 

Halcampa  andreni,       •     •     Haddon,  1885,  Proc.  R.  Dub.  Soc.  (n.  s.), 

iv.,  p.  896,  pi.  XVI.,  figs.  1-4. 

Halcampa  chrysantheUum,      Pennington,     1885,     British    Zoophytes, 

p.  175. 

Johnston's  diagnosis  of  the  species  is  as  follows : — *^  Body  cylin- 
drical, smooth,  striped ;  tentacula  twelve,  uniserial,  sub-marginal, 
annnlated  with  brown."  He  quotes  the  following  from  Peach's 
MS. : — "  This  Actinia  I  find  under  stones  buried  in  sand  in  Fowey 
Harbour  between  the  tide-marks.  Body  pale,  nearly  white,  with 
six  broad  stripes,  and  three  narrower  ones  between  each  of  the  two 
broader  ones,  the  centre  one  of  the  three  the  broadest — all  running 
the  whole  length  of  the  body,  but  are  nearly  lost  before  reaching 
the  lower  end :  these  stripes  are  again  divided  by  transverse  nar- 
row ones.  The  tentacula  are  invariably  twelve ;  the  mouth  is  in 
the  centre,  and  surrounded  by  brown  flower-like  markings.  It 
does  not  attach  itself,  but  lies  buried  in  sand,  with  its  head 
just  above." 

"  The  species  readily  assumes  various  shapes,  as  shown  in  the 
figures  of  it.  It  is  quick  in  its  motions,  and  buries  itself  in  the 
sand  when  disturbed." 

Cooks  merely  quotes  an  abbreviation  from  Peach's  diagnosis, 
and  adds: — "In  pools  with  sandy  bottoms,  Q-wyllyn-vase,  Pen- 
nanoe,  &o. ;  not  uncommon."  His  figures  are  very  unsatisfactory  ; 
in  both  only  eleven  tentades  are  represented,  although  the  text  says 
"tentacula  twelve";  in  fig.  20  they  are  banded,  but  not  so  in 
fig.  21 ;  in  both  the  disc  is  quite  plain.    In  fig.  20  the  animal  is 

B2 
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drawn  in  a  yertical  position,  its  base  being  expanded  and  attached 
to  a  stone ;  although  it  can  stand  upright  in  the  water  when  in  con- 
tact with  a  hard  substance,  it  does  so  owing  to  the  tenacity  of  the 
suckers  of  its  phjsa,  and  not,  so  far  as  I  am  aware,  in  consequence 
of  the  latter  forming  a  basal  disc.  Fig.  21  merely  gives  a  fore- 
shortened view  of  the  disc  and  tentacles,  and  below  it  is  an  indis- 
tinct figure  which  is  not  referred  to,  and  which  apparently  is 
intended  to  represent  the  aspect  of  the  tentacles,  &c.,  when  buried 
in  the  sand.  I  mention  this  Paper  and  figures  in  detail  to  obviate 
the  necessity  of  future  reference,  as  the  Annual  Heport  in  which  it 
occurs  is  not  easily  accessible. 

Gosse,  in  his  Paper  in  the  Transactions  of  the  Linnean  Society^ 
1855,  adds  no  new  facts ;  he  speaks  of  its  '^  sensitiveness  to  alarm, 
and  the  spring-like  rapidity  of  its  motions."  He  considered  that 
there  was  a  posterior  aperture.  Size,  "very  minute.'*  In  his 
Marine  Zoology^  1855,  and  in  his  Synopsis  of  the  British  Actinice^ 
1868,  Gosse  merely  alludes  to  the  species;  in  the  latter,  he  cor- 
rectly constituted  it  the  type  of  a  new  genus,  to  which  he  gave 
the  name  Halcampa. 

In  his  Monograph^  1860,  Gosse  mentions  that  he  had  upwards 
of  a  dozen  specimens  sent  him,  in  1858,  from  Fowey.  As  these 
came  from  Peach's  locality,  their  identity  with  the  discover's  spe- 
cies is  beyond  doubt,  but  the  marking  seems  to  be  quite  different 
from  the  original  figure  (/.  c,  pi.  xxxvii.,  fig.  13).  The  latter,  how- 
ever, is  very  unsatisfactory.  Gosse's  description  of  the  markings  of 
the  disc,  also,  does  not  particularly  well  agree  with  the  woodcut  he 
gives.    The  description  is  as  follows : — 

Column. — "  Drab  or  dirty  white ;  septa  as  white  longitudinal 
lines;  the  swollen  bladder-like  extremity  translucent. 

Bisk. — "  Marked  with  a  pretty  star-like  pattern,  consisting  of 
a  pale-blue  area  inclosed  in  a  pale  line,  and  surroimded  by  twelve 
triangular  rays  of  a  dark-brown  hue ;  each  triangle  surmounted  by 
a  pale,  W-like  figure,  which  incloses  a  dark-brown  area,  according 
to  the  accompanying  pattern. 

Tentacles. — "  Pellucid  brown,  the  front  crossed  by  six  semi-rings 
of  opaque  white,  of  which  the  second,  the  fourth,  and  the  fifth 
(counting  from  the  foot  upward)  are  angular,  the  second  pointing 
downward,  the  fourth  and  fifth  upward.  .  .  .  The  pellucid  inter- 
spaces are  tinged  with  brown,  deepest  on  the  first,  second,  and 
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fourth ;  and  the  first  white  ring  surrounding  the  foot  is  sometimes 
tinged  with  sulphur-yellow." 

The  desoription  of  the  specimens  dredged  by  Sars,  in  twenty 
fathoms,  at  Ure,  Lofoden  Island,  and  also  at  Bergen,  agrees  so 
closely  with  some  of  the  Malahide  forms  that  there  can  be  little 
doubt  as  to  their  identity.  He  describes  the  body  as  cylindrical, 
white ;  hyaline,  with  a  brown  epidermis ;  tentacles  twelve,  white ; 
hyaline,  with  two  brown  rings;  twelve  brown  spots  round  the 
mouth.  The  shape  of  tentacles  and  other  points  are  identical  in 
the  two  forms.  The  biown  ^'  epidermis "  probably  refers  to  the 
slim.y  sheath  being  beset  with  sand  or  other  foreign  particles. 

The  careful  account  of  Meyer  and  Mobius  leaves  no  doubt  con- 
cerning the  identity  of  their  specimens^ with  Peach's.  They  state 
that  the  body  is  smooth,  flesh-coloured,  with  pale  longitudinal 
lines;  it  generally  covers  itself  with  a  tube  of  slime  and  sand 
grains.  The  tentacles  are  quite  colourless,  with  two  or  three  red- 
dish-brown transverse  bands,  and  similar  longitudinal  stripes  at 
their  bases ;  there  are  brown  spots  on  the  disc,  each  corresponding 
with  the  tentacle. 

The  authors  refer  to  the  extreme  transparency  of  the  dilated 
body,  and  to  the  presence  of  a  pair  of  fine  lines  in  the  alternate 
broad  red  bands  of  the  body,  referring,  of  course,  to  the.  small 
secondary  mesenteries  (fig.  4,  p.  12),  and  of  which  they  give  (pi.  iii., 
fig.  C)  a  characteristic  drawing.  They  found  eight  to  eleven  ten- 
tacles in  their  forms — length,  20-25  mm.;  diameter,  2-3  mm. 
In  mud,  Bay  of  £iel,  6-9  fathoms.  They  further  identify  with 
this  species  the  two  specimens  found  by  Dr.  Liitken,  at  HeUeback 
in  the  Sound ;  but  Andres  (/.  c,  p.  96),  considers  this  a  true 
Edwardsia,  which  he  names  E.  lutkeni. 

Dr.  Andres  correctly  placed  Sars'  species  in  the  genus  Hal- 
campa ;  but  he  believed  that  it  was  identical,  save  for  characters 
"  of  the  smallest  importance,'*  with  Halcampa  farinaceay  Verrill, 
and,  '^  rather  than  preserve  a  record  of  the  two  species,"  he  unites 
them  into  one.  "Whether  Verrill's  species  is  identical  with  any 
European  form  is  very  doubtful,  and  the  evidence  would  seem  to 
point  the  other  way :  for  the  present,  at  all  events,  his  name  must 
stand. 

The  great  range  of  variation  of  E.  chrysanthellum  suggests  a 
critical  examination  of  the  two  species  which  Keferstein  described 
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from  St.  Yaast  la  Hogue  (Manohe,  N.  Franoe),  and  for  whioh  he 
oonstituted  the  new  genus  Xanthiopus ;  his  definition  of  this  genna 
agrees  so  exactly  with  that  of  Haloampa,  as  defined  by  Gosse,  that 
there  is  no  doubt  they  are  synonymous,  and  the  latter  has  the  pre- 
oedenoe.  The  two  species  are  yellowish  in  colour,  and  were  found 
in  the  small  chinks  in  the  granitic  rocks  at  extreme  low  water. 

Halcampa  (Xanthiopus)  bilateralis. — The  tentacles  corresponding 
to  the  ends  of  the  mouth  are  differently  formed  and  without  trans- 
verse bands,  as  in  the  other  ten,  and  which  bear  two  yellow  trans- 
verse bands.  All  the  tentacles  are  continued  over  the  oral  disc  as 
triangular  swellings  to  the  opening  of  the  mouth.  About  40  mm. 
long. 

H,  (X.)  mttatuB. — All  the  twelve  tentacles  are  similarly  formed, 
with  four  yellow  transverse  bands ;  they  do  not  run  over  the  oral 
disc  to  the  mouth.  Mouth  in  the  middle  of  a  small,  conical,  raised, 
yellow  ring.     About  20  mm.  long.' 

These  two  forms  are  undoubtedly  the  same  species.  Andres, 
also,  is  of  the  same  opinion ;  but  he,  contrary  to  the  British  rules 
of  Zoological  nomenclature,  re-names  the  species  as  H,  ke/ersteini^ 
consisting  of  ^'  var.  a  vittata ;  tentacles  equal ;  small  size ;  and  var. 
j3.  bilateralis;  Gonidial  tentacles  different  from  others  by  lacking 
the  annulations ;  larger  size." 

The  pale  colour  and  different  appearance  of  the  gonidial 
tentacles  of  the  first  species  is  not  unfrequently  met  with  in 
many  of  our  British  sea-anemones  (e.  g.  Tealia  crassicomisy  Miill., 
Actinoloba  dianthus,  Ellis,  and  Heliactis  bellis^  Ell.  and  Sol.).  The 
only  other  distinctions  between  the  two  species  are  different  num- 
ber of  yellow  bands  on  the  tentacles,  and  the  presence  or  absence 
of  distinct  radii  on  the  oral  disc — characters  too  slight  to  alone 
constitute  specific  distinctness.  The  conclusion  at  whioh  we  must 
arrive  at  is,  that  these  two  forms  are  merely  varieties  of  H,  chry- 
sanihellum. 

Dr.  Ed.  Qrube  found  H.  chrysantellum  [sic]  at  Eosooff,  buried 
in  the  sand  at  low  water.  He  states  that  it  only  occurs  in  a  single 
zone.  "A  few  steps  nearer  the  sea  and  one  no  longer  finds  it. 
These  and  the  nearly  allied  Edwardsias  are  so  completely  hidden 
in  the  sand  that  their  presence  is  not  betrayed."  He  describes  it 
as  a  perfectly  white  polyp,  of  the  thickness  of  a  swan's  quill,  with 
twelve  short  tentacles,  and  a  single  black  point  between  each.    The 
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lower  portion  of  the  body  is  desoribed  as  being  glandular,  in  the 
habit  of  forming  a  sheath  for  itself »  having  a  revolving  motion, 
and  becoming  swollen  and  transparent;  he  also  noticed  that  its 
posterior  end  eould  adhere  a  little. 

Landsborongh,  Milne  Edwards,  Hinoks,  Dana,  Fischer,  Andms, 
and  Pennington,  merely  repeat  previous  descriptions  more  or  less 
folly,  but  add  nothing  new  thereto,  so  it  is  unnecessary  to  refer  at 
length  to  them. 

Previous  observers  have  accurately  desoribed  the  general  ap- 
pearance and  habits  of  this  interesting  little  anemone.  I  need 
add  only  a  few  supplementary  notes.^ 

In  my  former  Paper  I  have  figured  what  may  be  regarded  as 
the  general  form  of  the  animal  when  about  half  extended ;  but,  as 
all  observers  have  noted,  the  shape  may  be  very  varied.  The 
physa  is  usually  in  a  state  of  more  or  less  distension ;  occasionally 
it  assumes  a  very  thin,  rod-like  appearance.  (The  physa  is  in  this 
state  when  boring  into  the  sand :  compare  the  similar  appearance 
of  Peachia  hastata,  Gosse — Haddon  and  Dixon^Proceedtngs  of  the 
Royal  Dublin  Society  (n.  s.),  vol.  iv.,  pi.  xviii.,  fig.  7.)  I  have  been 
unable  to  see  a  terminal  posterior  orifice,  but  there  is  a  small  per- 
foration in  each  intermesenterial  chamber  close  to  its  posterior  ter- 


^  My  friend  Mr.  G.  Y.  Dixon  has  kindlj  allowed  me  to  copj  the  following  from  his 
sqiuuium  notes : — 

*^  November  5,  1885. — Only  one  Haleampa  smriTes  [from  September  26].  It,  how* 
ever,  ia  in  splendid  health,  and  has  grown  considerably,  being,  when  fiilly  expanded, 
2  inches  long ;  scapos,  i  of  an  inch  in  diameter ;  oapitulum,  \  inch.  When  fully  dis- 
tended it  is  quite  transparent,  and  its  oesophagus  can  be  distinguished  quite  plainly 
running  the  whole  length  of  the  capitulum  as  a  narrow,  straight,  pale-orange  tube, 
which  terminates  just  at  the  constriction  which  usually  marks  the  limit  between  the 
aoapus  and  capitulum.  The  twelve  mesenteries  are  very  conspicuous  in  the  scapus, 
their  inner  free  edges  being  orange,  andjshining  through  the  pellucid  body  wall.  With 
on  inch  objectiye  you  can  distinctly  see  round  glands  (?)  imbedded  in  the  oonyoluted  and 
swollen  edges.  The  mesenteries  are  arched  aboye  where  they  run  in  to  join  the  ceso- 
phagus,  and  are  gradually  sloped  away  as  they  come  down  towards  the  constriction 
which  usually  marks  off  the  physa  from  the  scapus.  The  clearness  and  transparency  of 
the  whole  animal,  but  aboye  all  of  the  scapus,  almost  surpasses  belief.  I  cannot  find 
any  marks  on  the  physa  like  those  in  Peaehia  hattata.**  [This,  of  course,  refers  to  rows 
of  pores  alluded  to  in  our  joint  Paper. — A.  C.  H.] 

"  Four  pairs  of  mesenteries  are  longer  than  the  rest,  and  are  more  oonyoluted  on 
their  edges  and  more  orange  in  colour;  between  each  of  these  pairs  is  a  mesentery 
which  does  not  run  down  so  near  the  physa :  its  edge  is  nol  so  swollen  or  oonyoluted, 
and  is  more  of  a  straw-colour  than  orange.    Is  it  possible  that  this  points  to  an  affinity 
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mination.  Similar  pores,  which  by  the  way  are  very  difficult  to 
observe,  were  found  in  Halcampa  clavus^  Quoy  and  Gkdm,  by  B. 
Hertwig,  and  I  have  also  seen  them  in  the  so-called  Halcampa 
fuUonij  St.  Wright.  These  perforations  enable  the  physa  to  be 
suddenly  emptied  of  its  contained  water.  They  exist  in  large 
numbers  in  Peachia  hastata^  both  Mr.  Dixon  and  myself  being 
now  satLsfled  that  such  is  the  true  explanation  of  the  appearances 
we  described  (/.  c,  p.  403).  The  whole  body  is  continucJly  under- 
going slow  waves  of  alternate  contraction  and  expansion.  As 
Gosse  states,  the  body  is  capable  of  great  extension  ("  extendtng 
to  ten  times  its  diameter  or  more).  .  .  Specimens  reach  to  an  inch 
and  three-quarters  in  length,  and  one-eighth  of  an  inch  in  average 
diameter;  the  extremity  is  frequently  inflated  to  one-fourth." 

My  longest  specimen  was  about  50  mm.  (2  inches)  in  length, 
and  about  3*5  mm.  (^  of  an  inch)  in  diameter  at  the  middle. 
Other  specimens  measured  about  31  nmi.,  38  mm.,  44  mm.,  &c. 
(li  in.,  li  in.,  If  in.)  in  length. 

In  nearly  every  case  the  tentacles,  although  monocyclic  and 
perfectly  imiform  in  size  and  shape,  appeared  to  consist  of  two 
series.  Those  of  the  first  series,  which  for  the  sake  of  conveni- 
ence I  term  the  primaries,  are  usually  carried  more  or  less  arched 
forwards  and  inwards,  and  are  also  almost  invariably  more  pro- 

with  the  octaradial'EdwaidaiiBp'*  [In  connezioii  with  the  last  pangiaph  I  would 
quote  the  following  from  Dr.  B.  Hertwig's  Beport  on  the  ActmiariA,  Challenger  Be- 
ports,  Zoology^  yi.,  1886,  p.  95.]  :— 

<(  The  constitution  of  the  septa  in  Ealcampa  eavus  [Quoj  et  Gaim]  shows  further 
peculiarities  worthy  of  notice,  which  seem  to  zne  to  indicate  its  relation  to  the  Edwardaie. 
As  I  was  preparing  a  series  of  sections  through  one-half  of  the  physa  of  the  larger  spe- 
cimen, it  struck  me  that  three  septa  [mesenteries]  (including  the  pair  of  directiye  septa 
[mesenteries])  were  not  so  strong  as  the  other  septa,  inasmuch  as  their  longitudinal 
muscular  cords  hecame  sooner  indistinct  (pi.  xni.,  fig.  7.)  In  the  second  smaller  Hal- 
campa, in  which  I  was  able  to  make  sections  through  the  entire  bodj,  four  septa  were 
somewhat  smaller  than  the  eight  others ;  and,  finally,  Strethill  Wright  has  described  a 
parasitic  Halcampa  living  on  Medusie  {Halcampa  fulioni),  in  which  he  can  distinguish 
four  stronger  and  eight  weaker  septa  {Ann.  and  Moff.  Nat,  Hut.,  ser.  iii.,  vol.  yiii., 
p.  133, 1861).  All  this  shows  that  an  unequal  deyelopment  of  the  septa,  and,  consequentlj, 
a  difference  in  their  morphological  yalue,  is  not  unusual  in  Halcampa.  If  we  assume 
that  the  eight  stronger  septa  are  homologous  with  the  septa  of  Edwardsia,  whilst  the 
four  other  septa  are  new  formations,  then  the  genus  Halcampa  would  present  us  with 
transition  forms  between  the  Bdwardsias  and  the  Hexactiniae."  [As  the  present  com- 
monioation  is  merely  a  critical  note  on  the  identity  of  the  species  in  question,  I  do  not 
intend  on  this  occasion  to  follow  up  the  line  of  thought  here  suggested. — ^A.  C.  H.] 
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minentlj  marked  and  coloured.  As  they  are  prolongations  of 
those  mesenterial  chambers  which  have  no  secondary  mesenteries 
(see  fig.  4y  p.  12),  and  as  one  of  them  is  situated  at  each  end  of  the 
slit-like  mouth,  they  therefore  correspond  to  the  primary  tentacles 
of  other  Actiniae.  The  tentacles  of  the  second  series  (secondaries) 
usually  bend  outwards  and  downwards,  being  slightly  recurved  at 
the  tip.  Their  colouration  and  pattern  is  often  paler  and  more  or 
lees  obscure. 

The  colour  of  the  scapus  is  usually  whitish,  sometimes  tinted 
with  buff,  and  rarely  opaque  orange.  As  previously  noted,  when 
mature,  the  ovaries  shine  through  the  translucent  body  with  a 
creamy  orange  colour. 

The  insertions  of  the  mesenteries  appear  externally  as  longitu- 
dinal white  lines :  between  each  alternate  pair  of  mesenteries  there 
is  a  pair  of  small  mesenteries,  which  appear  on  the  outer  surface  as 
two  thin  white  lines.  This  explains  Peach's  account  of  the  stripes 
of  the  column,  the  "  stripes  "  being  the  darker, «.  e.  translucent,  areas 
between  the  mesenteries.  The  transverse  stripes  noticed  by  Peach 
are  merely  external  corrugations  due  to  the  contractibility  of  the 
body.  (See  fig.  2,  p.  12.)  The  capitulum  is  subject  to  considerable 
YBiiation  in  ornamentation :  usually  it  is  buff,  sometimes  with  a 
brown  band.  The  white  or  pale-yellow  bracket-marks  alluded  to 
in  my  former  Paper  appear  to  be  very  constant  in  their  appearance. 

It  is,  however,  in  the  disc  and  tentacles  that  the  greatest  amount 
of  variation  occurs.  I  have  therefore  briefly  described  a  number 
of  variations  to  prove  how  careful  one  should  be  in  laying  any  stress 
upon  colour  or  markings,  in  dealing  at  all  events  with  this  species. 

1.  Disc  opaque  white.  Tentacles  very  pale  buff,  with  five  paler 
bands ;  the  lowermost  two  are  waved  or  M-sbaped.  White  bracket- 
marks  externally  at  base  of  tentacles. 

2.  Disc  pale  lemon-yellow.  Tentacles  very  pale  buff,  with  five 
white  bands,  and  some  indistinct  brown  bands,  which  are  much 
more  distinct  on  the  six  primaries.  A  brown  band  round  the 
capitulum,  and  pale  bracket-marks. 

3.  Disc  rusty  colour,  with  distinct  paler  radiating  lines  (mesen- 
teries), forming  twelve  dark-coloured  wedges.  Tentacles  of  same 
rusty  colour,  with  five  pale  bands,  the  four  upper  of  which  are 
straight,  and  the  lowermost  is  V-shaped.     The  inverted  triangular 
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area  left  between  this  and  the  lowest  straight  line  is  dark  in 
oolour.    A  dark  ring  all  round  the  base  of  the  tentacles. 

4.  Disc  pale,  with  a  lenticular  dark-brown  mark  in  each  radius, 
and  external  to  it  at  the  base  of  each  tentsu3le  a  brown  line.  The 
six  primary  tentacles  have  the  lowest  half  ring,  dark  in  colour,  and 
V-shaped,  with  a  dark  spot  between  the  two  limbs  of  the  V ;  the 
other  lines  pale.  The  six  secondary  tentacles  have  pale  indistinct 
markings,  the  lowermost  of  which  is  M -shaped.  "White  external 
brackets. 

6.  Disc  pale-bufE  round  mouth,  separated  from  the  pale-yellow 
peripheral  portion  by  a  chain  of  dark-brown  lenticular  marks, 
which  practically  form  a  ring.  At  the  base  of  each  tentacle  is  a 
transverse  dark-brown  line ;  base  of  tentacle  white ;  remainder  pale- 
bufF,  the  two  colours  being  separated  by  a  dark  M-naark ;  there  are 
also  one  or  two  indistinct  pale-brown  markings.  At  the  base  of 
each  tentacle  externally  there  is  a  lateral  dark  line,  which  slightly 
converges  towards  its  fellow. 

6.  Disc  pale,  with  alternate  dark  (primary  radii)  and  light 
(secondary  radii)  lenticular  marks.  The  primary  tentacles  are  very 
dark;  there  is  a  basal  |\^-mark,  with  a  dark  triangular  mark  a 
little  way  above.  The  external  bracket-marks  are  prominent,  and 
below  each  is  a  pair  of  dark  spots. 

7.  Disc  pale-orange,  a  white  spot  opposite  each  tentacle.  Ten- 
tacles with  five  pale  rings,  the  lowermost  M -shaped.  There  is  a 
small  pale  basal  mark.  The  external  bracket-marks  are  very 
plain. 

8.  Disc  pale-buff ;  an  indistinct  pale  V-mark  in  the  centre  of 
each  radius.  Tentacles  with  five  pale  rings,  of  which  the  lower- 
most is  M -shaped. 

One  or  two  other  varieties  were  seen,  but  a  sufficiently  carefid 
note  of  the  colour  and  pattern  was  not  made. 

The  variations  of  the  disc  and  tentacles  are  so  many,  that  at 
first  sight  it  seems  almost  hopeless  to  give  any  character  which 
would  be  of.  service  for  specific  determination.  I  have,  however, 
ventured  to  give  a  drawing  (fig.  3,  p.  }2)  of  what  I  take  to  be  the 
general  pattern  of  the  disc  and  tentacles. 

The  following  diagnosis  will,  I  hope,  be  found  to  be  essentially 
correct : — 
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Haleampa,  CNMiie* 

Body  elongated,  cylindrioal,  divided  into  a  oapitulum,  soapus, 
and  phjsa ;  the  mesenteries  are  more  or  less  apparent  throughout 
their  whole  length ;  except  when  fully  extended,  the  body  is  corru- 
gated ;  physa  with  minute  suckers.  Tentacles  twelve,  monocyclic, 
marginal,  oylindro-oonioal.  Disc  plain ;  mouth  linear,  slightly  pro- 
minent.   British  spedes — 

Mm  diryMiiithelliim,  Peach. 

Fbrm. — Body  vermiform,  extending  to  about  ten  times  its  dia- 
meter ;  smooth,  or  only  secreting  a  mucous  tube.  Oapitulum  and 
tentacles  completely  retractile ;  physa  large,  non-retractile. 

Colour. — Column  whitish,  occasionally  slightly  yellowish  or  buflF, 
rarely  orange;  oapitulum  often  more  or  less  buff-coloured;  a  pair 
of  pale  bracket-marks  ( )  usually  present  below  the  angles  between 
the  tentacles.  The  orange-coloured  ovaries,  when  ripe,  shine  through 
the  walls  of  the  scapus,  giving  it  a  creamy-orange  colour.  The  in- 
sertions of  the  mesenteries  appear  throughout  the  whole  length  of 
the  body  as  white  lines,  and  the  suckers  appear  as  white  dots  on 
the  otherwise  transparent  physa. 

Disc  white,  pale-yellow,  or  pale-buff ;  may  be  quite  plain,  or 
ornamented  with  variable  brown  markings. 

Tentacles  pale-bufi,  with  five  or  six  light  or  dark  bars  on  their 
internal  aspect,  of  which  the  basal  is  usually  straight — the  second 
M-shaped,  the  third  V-shaped,  the  three  (or  four)  upper  being 
usually  more  or  less  straight.  Externally,  at  the  base,  dark  lines 
or  spots  are  generally  present. 

Size. — 30-60  mm.  (IJ  to  2  in.)  long,  when  fully  extended. 
About  3'5  mm.  {-^^  in.)  in  diameter. 

HahiiaL — In  sand  or  crevices  of  rock  at  low  water,  and  down 
to  20  fathoms :  S. W.  England,  E.  Ireland,  N.  France,  Norway, 
and  Denmark. 

This  is  the  only  recorded  British  species;  but  last  summer  I 
dredged  a  well-marked  second  species  at  a  depth  of  forty  fathoms 
off  the  mouth  of  Eenmare  river,  a  description  of  which  will  in  due 
time  be  laid  before  the  Royal  Irish  Academy. 

Hakampa  fultoniy  St.  Wright  {Proc.  Phi/s.  Soc.y  Edinb.,  ii., 
p.  91,  1859),  is,  undoubtedly,  an  immature  form.  I  obtained 
specimens  of  it  which  were  parasitic  on   some  Hydromedusee 


Digitized  by  LjOOQ IC 


12  Scientific  Proceedings,  Royal  Dublin  Society. 

("  Thaumantias "),  in  June,  1885,  at  Kingstown,  county  Dublin. 
I  have  observed  several  phases  of  its  development,  but  could  not 
obtain  a  sufficiently  complete  series  to  definitely  state  of  what 
Actinian  it  is  the  larval  form.  My  opinion,  however,  is,  that 
it  will  prove  to  be  the  young  of  H.  chrysanthellum. 

The  above  communication  is  but  a  further  contribution  to  the 
systematic  knowledge  of  our  British  Actinias.  I  am  fully  aware  of 
the  morphological  interest  connected  with  the  free  ActiniflD,  and 
though  I  have  made  some  anatomical  investigations  on  this  form, 
I  refrain  from  publishing  them  till  I  have  examined  a  sufficient 
number  of  other  sea-anemones  to  render  a  description  and  com- 
parison profitable. 


Fig.  1. — Side  view  of  a  fully  extended  Halcampa  chrysanthellum,  magni- 
fied about  2  diameters. 

„   2. — Generalized  diagram  of  markings  of  oral  disc  and  tentacles. 

„   8. — Side  view  of  capitulum  and  tentacles. 

„  4. — Transverse  section  through  the  lower  portion  of  the  capitulum. 
The  following  points  should  be  noted : — The  arrangement 
of  the  muscular  bands  on  the  twelve  mesenteries ;  the  ex- 
istence of  a  pair  of  very  small  secondary  mesenteries  in 
the  alternate  intermesenterial  chambers ;  the  existence  of 
a  pair  of  deep  sagittal  oesophageal  grooves,  which  are  pro- 
\ided  with  long  cilia,  and  of  five  obscure  furrows  on  each 
side  of  the  ciliated  oesophagus. 

[Figs.  2,  8,  and  4  are  placed  in  the  same  relative  position,  and  are  not 
drawn  to  scale.] 
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n.  — ON  A  NEW  FOBM  OP  CALOEIMETEB.  By  W.  F. 
BABEETT,  Professor  of  Physics  in  the  Boyal  College  of 
Science,  Dublin. 

[Read,  June  16,  1886.] 

An  accurate  mode  of  determining  the  specific  heat  of  bodies,  with- 
out the  serious  corrections  that  have  to  be  introduced  in  the  ordi- 
nary method  of  mixtures,  is  much  needed.  Mr.  Joly  has  lately 
devised  and  described  before  the  Boyal  Dublin  Society  a  novel 
and  ingenious  method  depending  on  the  amount  of  steam  con- 
densed by  the  body ;  but  I  have  not  found  this  method  answer  so 
well  for  determining  specific  heats  as  for  latent  heats  of  vaporiza- 
tion ;  in  the  latter  case  it  leaves  little  to  be  desired.^ 

The  method  devised  by  Professor  Bunsen  is  well  known.  A  con- 
venient modification  of  Bunsen's  calorimeter  was  made  some  time 
ago  by  Professor  Emerson  Eeynolds,  wherein  the  calorimeter  takes 
the  form  of  an  alcohol  thermometer  with  a  large  bulb,  and  having  an 
arbitrary  scale,  the  value  of  which  is  determined  separately.  The 
instrument  I  now  beg  to  submit  to  the  Society  resembles  the  fore- 
going in  so  far  as  the  cup  for  holding  the  body  under  experiment 
forms  a  portion  of  the  thermometer,  which,  however  is  mercurial, 
and  has  a  very  open  scale.  The  instrument  is  shown  in  the  wood- 
cut on  next  page,  and  its  present  form  is  mainly  due  to  the  valu- 
able suggestions  made,  in  the  course  of  working  with  it,  by  Mr. 
J.  M'Cowan,  the  Demonstrator  of  Physics  in  this  College.  As  a 
piece  of  glass-blowing  it  is,  I  believe,  unrivalled,  and  is  a  testimony 
to  the  skill  of  Mr.  Hicks  of  Hatton  Garden,  London,  who  under- 
took to  make  it  for  me,  and  who  informs  me  that  the  cup  is  blown 
out  of  a  single  piece  of  glass  tubing.' 

The  cup,  A,  has  a  capacity  of  about  4  cubic  centimetres ;  it  is 
surrounded  by  a  jacket  of  polished  metal,'  to  prevent  any  slight  loss 

1  I  imdeistand  Mr.  Joly  has  since  improTed  his  apparatus  for  finding  specific 
heats. 

'  Since  this  Paper  was  read,  Mr.  Hicks  has  made  seyeral  of  these  instruments,  and 
can  now  produce  them  at  a  moderate  cost. 

3  A  simpler  expedient  in  to  silver  the  outside  of  the  bulh  of  the  thermometer  bj 
Licbig's  process. 


Digitized  by  LjOOQ IC 


14  Scientific  Proceedings^  Royal  Dublin  Society. 

of  heat  by  radiation,  and  is  provided  with  a  little  silvered  cover,  Gr. 
The  stem,  B,  is  supported  horizontally,  and  is  graduated  from  -  5° 
to  70°  or  80°  Centigrade,  and  reads  easily  to  tenths  of  a  degree 
Centigrade.  Supported  immediately  over  the  cup  is  a  small  burette, 
C,  the  level  of  the  liquid  in  which  can  be  very  accurately  read, 


owing  to  the  fact  that  only  a  longitudinal,  narrow  chink  of  clear 
glass  is  left  in  the  centre,  the  sides  being  of  opaque  enamel.  The 
mouth  of  the  little  burette  is  funnel-shaped,  and  its  neck  can  be 
closed  by  the  thermometer,  D,  it  carries,  the  end  of  the  thermometer 
bulb  being  ground  to  the  neck  or  made  water-tight  by  a  small 
rubber  ring.  This  thermometer  is  short,  but  has  an  open  scale, 
and  is  graduated  from  about  30°  to  100°  C.  Into  the  burette  is 
placed  the  warm  water  or  other  liquid :  by  loosening  the  thermo- 
meter the  liquid  is  allowed  to  run  into  the  calorimeter.  A,  below ; 
the  mean  temperature  of  the  issuing  liquid  is  thus  accurately  deter- 
mined as  it  flows  past  the  bulb.  When  the  cup,  A,  is  nearly  fuU 
the  burette  is  closed  by  pushing  down  the  thermometer,  D,  and  the 
cover,  G,  quickly  placed  over  A :  the  highest  reading  on  the  stem,  B 
is  now  taken.  The  volume  of  the  liquid  used  is  then  read  from  the 
burette,  and  the  operation  is  complete.  But  as  the  volume  of  the 
liqidd  has  been  measured,  its  weight  must  be  found  by  taking  its 
specific  gravity  for  the  temperature  at  which  it  was  used. 

To  obviate  this  inconvenience,  the  weight  of  the  liquid  can  be 
found  directly  in  the  arrangement  shown  in  the  figure. 

Here  the  thermometer  is  turned  into  a  balance,  the  stem  being 
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supported  by  knife  edges,  E,  somewhere  near  its  centre  of  gravity. 
From  the  end  of  the  stem  a  pan,  F,  depends,  and  beyond  this  a 
pointer,  fixed  to  the  stem,  moves  over  a  graduated  arc.  The  pan 
is  made  of  the  right  weight  to  exactly  equipoise  the  arrangement 
at  a  given  air  temperature.  The  weighing  of  the  liquid  in  the 
cup,  A,  is  taken  at  this  temperature ;  otherwise  the  varying  length 
of  the  thread  of  mercury  in  the  stem,  B,  would  derange  the  balance. 
Except  as  a  thermometer- stopped  funnel  for  the  liquid,  the  burette 
is,  of  course,  not  required  in  this  arrangement. 

In  making  a  determination  of  the  specific  heat  of  a  liquid  with 
this  instrument  we  require  no  cool  liquid  in  A  to  mix  with  the 
warm  liquid  from  0,  for  the  bulb  of  the  thermometer.  A,  itself 
forms  both  the  containing  vessel  and  the  cool  material  to  be 
warmed.  All  that  is  necessary  is  a  careful  determination,  made 
once  for  all,  of  the  heat  capacity  of  the  instrument.  This  constant 
factor,  K,  may  in  fact  be  found  and  stamped  upon  the  base  of  each 
instrument  before  it  leaves  the  maker's  hands.  As  the  constant  is 
determined  in  precisely  the  same  way  that  subsequent  measure- 
ments are  made,  it  includes,  or  rather  it  enables  us  to  evade,  all 
corrections,  such  as  those  due  to  the  heat  capacity  of  the  vessel  and 
of  the  thermometer,  and  also  the  loss  of  heat  due  to  cooling  if  the 
same  range  of  temperature  be  employed;  and  indeed,  if  otherwise, 
the  silvered  jacket  and  cover  (which  latter  is  necessary  to  prevent 
loss  from  evaporation)  render  the  correction  from  this  source  negli- 
gible in  ordinary  work. 

The  constant,  K^  is  found  as  follows : — 

Let  W  be  the  weight  of  water  used,  T  its  original  temperature 
(viz.  that  indicated  by  the  thermometer-stopper) ;  let  t  be  the  ori- 
ginal temperature  of  the  calorimeter  (given  on  the  stem,  B),  and  0 
its  highest  reading  after  the  water  has  entered.  As  the  heat  lost 
on  the  one  hand  is  equal  to  the  heat  gained  on  the  other,  and  the 
specific  heat  of  water  is  unity, 

whence 


K=  W 


d-t' 


When  a  determination  of  the  specific  heat,  8^  of  a  liquid  has  to  be 
made,  warm  the  liquid,  and  pour  it  into  the  burette ;  note  as  before 
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its  temperature,  T,  as  it  issues,  and  afterwards  find  its  weight,  W; 
note  the  rise  of  temperature  of  the  calorimeter  from  ^  to  0 ;  then 

W'T-ff 

A  few  minutes  siiffioe  to  complete  the  whole  determination  to 
within  a  limit  of  error  of  one  per  cent.  It  will  be  obvious  that 
for  ascertaining  the  specific  heat  of  small  quantities  of  rare  liquids 
this  form  of  calorimeter  will  be  found  particularly  applicable ;  and 
as  the  determination  of  the  specific  heats  of  organic  liquids  can 
thus  be  readily  and  accurately  made,  the  instrument  may  be  of 
use  to  chemists  in  the  inyestigation  of  the  molecular  weights  of 
such  compounds. 

The  instrument  is  not  quite  so  applicable  for  the  specific  heat  of 
solids  as  of  liquids ;  but  it  may  be  used  for  the  former  when  they 
are  in  powder  or  in  small  fragments.  In  this  case  the  calorimeter 
may  first  be  heated  by  a  known  quantity  of  warm  water,  and  the 
solid  at  the  temperature  of  the  air  be  dropped  in ;  but  this  method 
does  not  yield  good  results,  there  being  no  turning  point  in  the 
temperature.  It  is  better  to  heat  the  solid  in  a  small  steam  or 
water  bath,  and  drop  it  into  a  known  quantity  of  water  contained 
in  the  cup  of  the  calorimeter,  the  heat  capacity  of  which  is  iu- 
creased  by  this  amount,  so  that  its  constant  now  becomes  Ei.  The 
solid  may,  of  course,  be  weighed  beforehand,  so  that  the  simpler 
unbalanced  calorimeter  can  be  employed. 
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in.— ON  THE  GASEOUS  PEODUCTS  OP  THE  KRAKATOA 
ERUPTION,  AND  THOSE  OF  GREAT  ERUPTIONS 
IN  GENERAL.  By  J.  P.  O'REILLY,  C.  E.,  President, 
Royal  Geological  Society  of  Ireland. 

[Bead,  Noyember  16th,  1886.] 

The  subject  of  the  following  Presidential  Address  is  one  soffi- 
Giently  recent,  and,  owing  to  its  magnitude,  sufficiently  important, 
to  justify  recurrence  to  it,  notwithstanding  the  many  points  of 
Tiew  from  which  it  has  been  already  treated,  and  the*  fulness 
of  the  reports  which  have  had  for  their  object  its  description. 

I  do  not  propose  to  enter  into  a  detailed  examination  of  the 
different  phases  of  tlus  great  event,  so  far  as  they  have  been 
recorded,  but  rather  to  call  attention  to  certain  aspects  of  the 
phenomena  which,  from  the  very  first,  seemed  to  me  of  the  very 
highest  importance,  and  as  opening  up  a  very  wide  and  interest- 
ing field  of  inquiry.  I  allude  to  the  gaseous  agents  and  products 
of  the  great  Eruption  as  manifested  by  the  quantity  and  nature  of 
the  ejected  matter,  the  intensity  and  range  of  the  explosions,  the 
resulting  commotionB  of  the  atmosphere,  and  by  the  singular 
atmospheric  phenomena  which  subsequently  became  visible  all 
round  the  world,  and  even  still  manifest  themselves  daily. 

In  oommencing,  I  will  ask  leave  to  refer  to  the  article  which, 
shortly  after  the  arrival  in  Europe  of  the  first  accounts  of  the 
Erakatoa  Eruption,  appeared  in  Naturej  September  13th,  1883, 
entitled  '^  Scientific  Aspects  of  the  Java  Catastrophe."  With 
reference  to  this  article,  I  wrote,  on  the  16th  September,  the 
following  letter  to  that  journal,  which  appeared  in  its  issue  of 
27th  September,  and  therefore,  as  will  be  seen,  previous  to  the 
anival  of  news  relative  to  the  wonderful  appearances  of  the  morn- 
ing and  evening  skies : — 

<<Your  exoellent  leading  article  on  this  great  event  omits  to 
call  attention  to  a  factor  which  I  have  long  maintained  to  be  of 

BCUDf.  PBOO.  M,J).%, — VOL.  V.  PT.  I.  G 


Digitized  by  LjOOQ IC 


18  Scientific  ProceedingSy  Royal  Dublin  Society. 

the  greatest  interest  and  importanoe  from  the  points  of  view  of 
meteorology  and  geology  in  general.  I  allude  to  the  quantity  of 
gaseous  vapour  emitted  during  the  eruption.  This  must  have  a 
direct  relation  to  the  quantity  of  matter  emitted  (whatever  its 
form),  and  also  to  the  height  and  distance  to  which  the  matter 
may  be  ejected  or  carried.  Now,  I  hold  that  such  vast  quantities 
of  gases  as  must  have  been  liberated  on  this  occasion  cannot  be 
passed  over,  or  taken  as  having  no  action  on  our  atmosphere. 
Whatever  the  addition  made,  temperature  and  air  currents  are 
influenced  by  it,  either  locally,  or  over  great  extents  of  the  earth's 
surface;  and  if  it  were  possible  to  take  account  of  the  height 
attained  by  the  gases,  their  temperature  at  liberation,  and  the 
point  of  the  globe  whence  proceeding,  some  judgment  might  be 
attempted  of  their  action.  In  the  present  state  of  meteorology 
we  know  nothing  of  these  quantities,  but  it  is  justifiable  to  assume 
that  the  upper  currents  of  the  air  may  be  thus  profoundly  influ- 
enced, and  that  in  certain  cases  cyclones  may  thus  be  generated. 
The  present  very  fine  dry  weather  we  are  enjoying  here,  with  the 
high  and  steady  barometer,  may  be  a  result  of  the  great  eruption, 
and  it  will  be  worth  whUe  to  note  if  any  abnormal  conditions  of 
atmosphere  be  found  to  prevail  during  the  coming  months." 

It  was  not  until  October  11th  that  an  article  appeared,  noticing 
^^a  green  sun  in  India;"  therefore,  quite  subsequent  to  my  letter. 
During  the  following  months  the  wonderful  "glows"  which  illu- 
mined the  heavens,  more  particularly  after  stmset,  interested  men 
of  science  of  every  country,  and  they  have  been  very  generally 
attributed  to  the  presence  of  vast  quantities  of  dust  in  the  upper 
regions  of  the  atmosphere — this  dust  being  generelly  presumed  to 
have  resulted  from  the  Krakatoa  eruption.  I  may  therefore,  in 
some  degree,  claim  to  have  anticipated  the  appearance  of  these  sky 
glows,  in  so  far  as  it  is  accepted  that  they  are  due  to  emissions  from 
Erakatoa.  I  now  propose  to  examine  more  extendedly  the  oon- 
siderations  upon  which  I  based  this  anticipation. 

It  may  not  be  out  of  place  to  remark,  that  in  the  study  of 
natural  phenomena  we  are  easily  led  to  attribute  a  relatively 
greater  importance  to  agents  which  impress  our  senses  than  to 
those  more  occult  in  their  action,  and  more  particularly  which  do 
not  leave  distinct  evidence  of  their  influence.  Thus,  it  is  only 
quite  recently  that  the  rdle  of  dust  in  the  formation  of  rain  has 
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been  demonstrated  by  Atkin,  and  the  wondrous  organio  life  of  the 
ocean  is  essentially  due  to  the  presence  of  gases  in  relatively  small 
quantity.  Now,  no  class  of  agents  in  nature  more  easily  escape 
attention  or  baffle  investigation  than  gases,  unless  they  present 
themselves  physically  or  chemically  fixed,  so  as  to  allow  of  their 
determination  and  measurement.  The  reason  of  this  is  obvious. 
Almost  all  the  gases  acting  at  the  surface  of  the  earth  have  densi- 
ties less  than  that  of  air ;  consequently,  unless  restrained  or  brought 
into  combination,  they  tend  after  emission  to  rise  in  the  air,  and 
becoming  mixed  with  the  atmosphere,  pass  to  a  very  great  extent 
beyond  our  observation  and  our  control. 

That  the  geologist  should  therefore  attribute  to  them  a  rather 
subordinate  and  ill-defined  part  in  the  series  of  phenomena  which  he 
is  called  on  to  study  can  be  understood.  Brought,  as  he  is,  face  to 
face  with  the  rock  masses  forming  the  crust  of  the  earth,  or  with 
the  water  masses  which  cover  three- fourths  of  its  surface,  he  natu- 
rally attaches  importance  to  them,  rather  than  to  the  gases  which 
have  ever  acted,  and  are  acting  continually,  from  the  interior  or  at 
the  surface  of  that  crust,  but  which  by  their  very  nature  escape  his 
attention  even  while  still  active  agents,  and  which  are  so  difficult 
of  determination  and  measurement.  There  is,  therefore,  some  justi- 
fication for  my  calling  attention,  in  this  respect,  to  those  earlier 
phases  of  the  earth's  development,  which  are  usually  treated  as 
either  purely  of  the  domain  of  astronomy,  or  are  not  admitted 
as  being  tangible  for  the  geologist. 

Whatever  the  hypotheses  which  may  be  accepted  as  to  the  con- 
ditions of  development  of  the  earth,  it  is  generally  taken  for  granted 
that  the  successive  phases  of  its  existence  have  been  similar  in 
nature,  if  not  in  degree,  to  those  which  Science  has  been  led  to 
attribute  to  the  other  heavenly  bodies.  Thus  we  ore  led  to  believe 
that  it  has  passed  through  aU  the  phases  observable  in  one  or  other 
of  these  heavenly  bodies :  from  that  of  a  nebula,  becoming  more 
and  more  condensed,  to  that  of  a  sun;  and  from  that  of  a  sun 
through  successive  stages  to  the  condition  of  things  with  which 
geology  usually  commences,  that  is,  of  a  globe,  having  a  crust  or 
solid  exterior,  and  therefore  in  a  relatively  cooled  state,  and  ca- 
pable of  allowing  the  condensation  of  water  on  its  sui£GU)e  and  the 
existence  of  organic  life  thereon.  Now  q[>ectro8oopy  and  observa- 
tion have  shown  that  in  the  nebulse,  as  in  the  oomets  and  as  in  the 
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•anfy  gases  play  a  very  important  part,  if  they  be  not  the  only  oon- 
statoenta.  For  certain  of  these  bodies  it  has  been  shown  that  car- 
bon, and  hydrogen,  and  hydrocarbons,  are  essential  elements,  both 
chemically  and  physically.  Are  we  not,  therefore,  entitled  to  as- 
inme  that  these  elements  and  combinations  were  abundantly  pre- 
»ent,  and  very  active  agents,  in  the  first  stages  of  the  development 
of  the  earth,  and  if  so,  that  traces  of  their  influence  may  still  be 
f^mnd  both  in  our  atmosphere  and  in  the  interior  of  the  globe? 
Is  it  not  reasonable  to  suppose  that,  in  the  slow  and  continuous 
Iirocess  of  contraction,  very  great  masses  of  gases  became  retained 
m  occulted  by  the  cooling  matter,  and  that  these  occulted  gaaes 
have  been  the  essential  agents  in  balancing  tensions  in  the  con- 
tinually contracting  sphere  ? — that  this  continuous  contraction  led 
to  the  prcHHure  of  masses  of  these  gases  until  heat  was  liberated  in 
more  or  less  degree,  and  frequently  to  the  point  which  brought 
into  play  chemical  affinities;  and  that  thus  the  whole  series  of 
phenomena,  which  have  tended  and  are  tending  to  modify  the 
form  of  the  earth's  surface,  are  intimately  bound  up  with  the 
existence  and  action  of  gases  in  the  interior  and  at  the  surface 
thereof}" 

Thus,  from  the  very  earliest  period,  we  are  called  upon  to  re- 
cognize the  continuous  presence  of  gases  as  essential  constituents 
of  the  earth's  mass,  and,  so  far  as  analogy  allows  us  to  judge,  as 
most  active  agents  and  products  of  alteration.  For  the  period  dur- 
ing which  the  crust  was  not  yet  formed  they  must  have  been  pre- 
dominating agents ;  while  for  the  subsequent  periods,  during  which 
the  temperature  decreased  and  the  crust  increased  in  thickness,  their 
intensity  of  action  must  have  gradually  diminished,  and  their  emis- 
sions become  more  and  more  spasmodic,  or  of  longer  period,  until 
conditions  were  established  which  we  now  designate  as  volcanic, 
that  is,  when  contraction  could  only  take  place  by  reason  of  the 
sinking  of  masses  of  the  crust,  with  accompanying  vulcanism  and 
earthquake  phenomena,  such  as  we  witness  at  the  present  time,  one 
of  the  most  important  and  constant  of  which  is  the  emission  of 
gases* 

Leaving  aside  speculation  as  to  the  initial  constitution,  volume, 
and  state  of  the  atmosphere,  and  coming  down  to  the  period  during 
which  the  earliest  stratified  rocks  were  being  formed,  we  are  led  to 
imagine  for  that  period  a  globe  greater  in  diameter  than  at  present, 
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haTing  a  crost  relatively  thinner  and  very  differently  constituted 
from  what  now  exists;  and,  since  we  suppose  an  ocean  of  some 
depth  and  an  erosive  action,  we  are  led  to  admit  the  formation  of 
strata  under  conditions,  in  some  sort,  corresponding  to  those  of  the 
present  state  of  things.  Therefore  we  should  represent  to  ourselves, 
at  that  period,  an  atmosphere  having  a  direct  relation,  both  as  re- 
gards quantity  and  constitution,  with  the  then  phase  of  cooling  and 
contraction  of  the  earth.  Moreover,  we  must  suppose  surface  rocks, 
more  or  less  altered,  fissured,  and  penetrable,  in  which  became  re- 
tained chemically  and  physically  a  certain  amount  of  gases  which 
previously  existed  as  atmosphere ;  and,  finally,  we  have  to  picture 
to  ourselves  an  ocean  in  which,  as  at  present  were  retained  in  solu- 
tion gases,  also  part  of  the  then  atmosphere,  in  quantity  and  qua- 
lity relative  to  the  temperature  and  constitution  of  the  then  ocean 
mass,  and  relatively  to  the  prevailing  atmospheric  pressure.  These 
conditions  have  continued  to  prevail  up  to  the  present  time,  but  in 
degree  and  in  proportions  which  must  have  depended,  and  must 
oontinue  to  depend,  upon  the  successive  phases  of  contraction  and 
t  be  surface  changes  of  the  earth.  We  can  even  imagine  a  last 
htage  when  contraction  will  tend  to  cease,  when,  therefore,  the 
emission  of  gases  will  consequently  become  less  frequent  and  more 
and  more  diminished,  when  the  atmosphere  as  well  as  the  ocean 
will  become  more  and  more  chemically  and  physically  retained  by 
the  rocks  forming  the  crust,  and  when  finally  our  earth  will  cease 
to  have  either  an  atmosphere  or  an  ocean. 

If  I  have  thus  ventured  so  far  back  into  time,  it  is  in  order  to 
distinctly  establish  the  sequence  of  relation  and  the  dependency 
which  I  conceive  to  have  existed  at  aU  times  between  the  cooling 
and  contracting  sphere  and  the  atmosphere.  And  if  we  might 
comprehend  under  that  term  the  sum  of  the  gases  existing — 

(a)  Free  at  the  surface  of  the  earth ; 

{b)  In  chemical  combination,  with,   and  physically  retained 
by,  the  rocks  forming  the  crust ;  and 

{c)  The  gases  held  in  solution  by  the  ocean  and  other  waters ; 

then  we  might  consider  the  sum  [a  ■¥  b  +  c)  ba  representing,  or  as 
being  proportional  to,  the  total  amount  of  contraction  effected 
since  the  period  of  the  commencement  of  formation  of  the  crust. 
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The  "  atmosphere,"  properly  so  called,  would  be  that  sum  minus 

Now  one  of  the  most  interesting  deductions  arriyed  at  from 
the  examination  of  the  fossil  remains  of  the  different  geological 
formations  is,  that  our  atmo^here  has  certainly  varied  both  in 
constitution  and  (most  probably)  in  quantity,  and  if  my  assump- 
tion of  an  intimate  relation  of  the  atmosphere  with  contraction  be 
correct,  or  admissible,  there  must  have  been  periods  or  phases  of 
marked  contraction,  and  therefore  of  very  active  vulcanism  and 
accompanying  emission  of  gases,  during  or  about  these  periods. 
Such  geological  data  as  we  already  possess  certainly  do  point  to 
periods  of  great  volcanic  activity,  manifested  by  outbursts  of  lava 
and  alterations  of  the  earth's  surface,  and  corresponding  changes 
in  the  relations  of  land  and  ocean.  The  tertiary  period  may  be 
cited  as  an  example  in  this  respect. 

Turning  now  from  what  may,  perhaps,  be  considered  as  mere 
speculation,  to  the  phenomena  of  the  Krakatoa  eruption',  it 
will  be  easily  understood  that,  influenced  by  the  considerations 
already  developed,  my  attention  was  particularly  drawn  to- 
wards the  r6le  of  the  gases  in  this  case,  and  that  I  was  led  to 
attribute  to  them  an  importance  proportional  to  the  magnitude  of 
that  event.  Moreover,  that  very  magnitude  seemed  to  promise 
some  phenomena  of  a  nature  capable  of  demonstrating  that  actual 
additions  have  thus  been  made  to  the  atmosphere,  and  a  due 
consideration  of  the  details  furnished  of  the  event  lead,  in  my 
opinion,  very  distinctly  to  that  conclusion. 

Prom  the  very  careful  reports  made  by  their  engineers  to  the 
Dutch  Government,  as  well  as  firom  other  sources,  we  have  an 
estimate  given  us  of  the  quantity  of  ashes  emitted,  which  had 
fallen  in  such  proximity  to  the  locality,  as  to  allow  of  an  approxi- 
mate measurement  being  attempted.  Thus  in  the  report  which 
appeared  in  Nature,  vol.  xxx.  p.  10,  the  author  says  :  "  I  found 
that  on  calculating  as  accurately  as  possible  the  quantity  of  ejected 
solid  substances,  they  reached  18  cubic  kilometres  as  a  safe  esti- 
mate. These  18  kilometres  represent  a  weight  of  more  than 
(36  X  10")  kg."  He  adds :  "  the  volume  of  ejected  gases  was, 
perhaps,  htmdreds  of  times  greater."  Furthermore,  he  says : 
"However  large  the  quantity  may  be,  it  does  not  nearly  reach 
that  which  Tamburu  produced  in  1815,  which  Junghuhn  estimated 
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at  317  oubio  kilometres.  This  oompntation,  however,  rests  on  but 
few  data,  so  that,  in  my  opinion,  a  quantity  of  150  to  200  oubio 
kilometres  will  oome  nearer  the  truth." 

The  quantity  thus  estimated  for  the  Krakatoa  eruption  is 
eyidently  but  a  part  of  the  total  emission  of  solid  matter :  what 
proportion  this  heavier  part  of  the  ejected  ash  bears  to  the  finely- 
oonmiinuted  matter,  to  the  presence  of  which  in  the  atmosphere  the 
continuously  recurring  glows  have  been  attributed,  it  would  be 
impossible  to  say.  How  much  more  must  be  allowed  for  the  stiU 
finer  matter,  which  continues  suspended  at  very  great  altitudes, 
which  evidently  encircles  the  earth,  and  to  the  presence  of  which 
is  attributed  the  faintly  coppery  haze  visible  round  the  sun's 
image  ever  sinoe  the  eruption,  it  is  still  less  possible  to  estimate ; 
but  we  can  with  safety  say,  that  the  quantity  of  vapour  and  gases 
emitted  must  have  been  in  some  degree  proportional  to  the  total 
quantity  of  ejected  matter.  We  are  further  justified  in  assuming 
that  the  quantity  of  gas  and  vapour  brought  into  action  was  not 
the  minimuTn  strictly  necessary  to  project  the  totality  of  this 
solid  matter  into  space ;  therefore  any  estimate  of  the  quantities 
of  these  gases  that  may  be  attempted  from  the  data  accessible 
can  only  be  much  beneath  the  truth :  indeed  this  is  precisely  one 
of  those  cases  where,  wanting  any  term  of  comparison,  the  mind 
is  simply  unable  to  exaggerate,  even  were  there  the  will  to  do 

BO. 

Considering,  therefore,  only  the  portion  of  the  ashes  the 
volume  of  which  has  been  estimated,  and  the  data  as  to  the 
height  to  which  they  attained,  it  is  possible  to  arrive  at  a  term 
of  comparison  for  tJie  quantity  of  gases  emitted  by  comparing 
with  the  results  produced  by  the  use  of  g^powder  or  other 
explosives. 

In  Berthelot's  remarkable  work,  8ur  la  force  de  la  Poudre, 
1872,  thei^  is  a  table  at  p.  190,  wherein  for  each  explosive 
examined  by  him  he  gives  the  amount  in  volume  of  gases  gene- 
rated per  kg.  of  consumed  explosive  matter,  and  the  temperature 
in  calorics  attained.  By  the  aid  of  this  table  an  approximate 
value  for  the  gases  having  acted  explosively  in  the  case  of  the 
Krakatoa  eruption  can  be  attempted.  Let  us  consider  in  the 
first  place  the  work  done  in  the  case  of  the  discharge  of  a  100 
ton  gun,  for  which  I  find  in  Nature,  vol.  xxviii.  p.  385,  the 
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following  data :— shell  =  2000  lbs. ;  charge  =  772  lbs.  The  ex- 
treme  range  of  these  guns  is  about  10  to  12  miles  Eng.  Now, 
as  regards  the  height  to  whioh  the  ashes  were  shot  up,  we  have 
the  following  statement  {Nature^  vol.  xxx.  p.  13) : — "  The  steam 
doud,  aooor(Ung  to  the  measurements  taken  on  board  the  GFerman 
man-of-war  ^  Elizabeth/  whioh  left  Anjar  that  morning  at  nine 
o'dook,  must  have  reached  a  height  of  at  least  11,000  m.  During 
the  much  more  violent  explosion  of  Aug.  26th-27th  the  height, 
if  the  above  report  may  be  relied  on,  may  very  well  have  attained 
16  to  20  km."  (that  is  from  9-3  Eng.  miles  to  12-4  Eng.  miles)— 
a  height  about  equal  to  the  extreme  range  of  the  100  ton  gun  in 
question,  and  without  taking  into  account  the  increased  range 
which  should  be  attained  by  a  projectile  shot  vertically  through 
air  of  continuously  decreasing  density. 

Now,  admitting  that  a  comparison  may  be  drawn  between 
the  action  of  gunpowder  in  such  a  cannon,  and  that  of  the 
gases  or  steam  in  the  vent  of  a  volcano,  we  have  merely  to 
take  the  estimate  of  the  quantity  of  ashes  thrown  up  during 
the  Ejrakatoa  eruption,  and  determine  from  that  the  corres- 
ponding charge  estimated  as  gunpowder.  According  to  the  re- 
port in  question,  this  quantity  of  ashes  is  given  as  36  x  10^'  kg.; 
and  as  the  charge  in  the  case  of  the  100  ton  gun  is  to  the 
projectile  as  ^^,  we  may  take  as  charge  in  the  case  of  the 
emitted  ash,  36  x  10»»  x  /^  =  36  x  10^'  x  0-386,  or  approxi- 
mately 36  X  10»*  X  0-4  =  14-4  X  10"  kg.  powder.  The  table 
gives  the  amount  of  gases  generated  per  kg.  of  powder  as 
0-225  mc.  Therefore  we  have  by  the  explosion  of  this  supposed 
charge  of  powder  14*4  x  10*'  x  0*225  mc.  =  324  x  10^'  mc.  at  the 
pressure  0-76mm.  =  3,240,000,000,000  mc. 

To  appreciate  what  this  cube  means  relative  to  our  atmo- 
sphere, we  may  take  this  as  having  a  height  of  about  5  miles, 
or  in  kilometres,  about  8  km.  high:  dividing,  therefore,  this 
cube  of  gases  by  8000  m.,  we  have  405,000,000  kms.  as  the 
surface  which  would  be  occupied  by  a  volume  of  air  of  that 
cube  and  8  km.  high :  this  would  represent  405  kms.,  that  is 
a  surface  of  about  20  km.  x  20  km.  «  12*2  miles  x  12*2  miles. 
But  the  height  was  really  greater  than  20  km.,  and  has  been 
variously  estimated  at  40  to  50  miles  =  64*4  km.  to  80*5  km.  The 
quantity  of  ashes  was  much  greater  than  that  calculated,  while 
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the  author  of  the  report  in  question  considers  ^'  that  the  volume 
of  the  ejected  gaseous  substances  was  perhaps  hundreds  of  times 
as  large  "  as  that  of  the  ashes. 

A  similar  calculation  for  the  Tamburu  eruption  would  give 
as  a  proportionally  greater  volume  of  gases,  and  in  both  cases 
merely  terms  of  comparison,  since,  according  to  all  the  authors 
who  have  had  occasion  to  describe  eruptions  witnessed  by  them, 
the  quantities  of  gases  and  vapours  emitted  are  great  beyond  all 
comprehension. 

What,  however,  it  is  quite  necessary  to  bear  in  mind,  when 
considering  this  question  is  that,  simultaneously  with  the  Krakatoa 
eruption,  gases  and  vapours  were  being  emitted  from  a  great 
number  of  vents  over  the  earth's  surface — some  mere  hot  springs, 
from  which  the  quantity  of  gas  issuing,  though  continuous,  is  not 
taken  account  of;  others,  volcanoes  of  every  degree  of  activity  and 
violence,  but  only  receiving  attention  when  their  violence  is  such 
as  to  compel  observation,  but  in  totality  representing  a  volume  of 
vapour  and  gas  immensely  greater  than  any  estimate  that  can  be 
attempted,  since  no  term  of  comparison  nor  any  measurement  is 
at  our  disposal. 

It  may  naturally  be  remarked  that  I  include  both  gases  and 
vapour,  or  steam,  together,  and  that,  according  to  the  received 
ideas,  the  steam  was  essentially  furnished  by  the  sea-water  which 
penetrated  to  the  depths  where  the  explosion  originated.  This  is 
not,  however,  by  any  means  proved.  It  is  to  be  remembered  that 
the  amount  of  water  held  by  the  rocks,  either  chemically  or  phy- 
sically, is  estimated  by  Delesse  to  be  much  more  than  that  of  the 
ocean,  and  this  water  may  sometimes  be  brought  into  action. 
But  even  admitting  that  all  the  water  ejected  as  steam  came 
originally  from  the  sea,  the  sudden  transformation  of  such  a 
quantity  of  water  into  steam,  and  the  sudden  projection  of  such 
quantities  of  it  into  the  air,  must  have  influenced  both  the  sea 
currents  and  the  atmospheric  currents,  and  in  this  way  merit 
being  taken  into  consideration.  But  in  eruptions,  along  with  the 
steam,  or  independently  of  it,  gases  are  most  certainly  projected 
into  the  air.  That  such  were  notably  present  in  the  Krakatoa 
eraption  is  certainly  stated  by  an  eye-witness,  a  captain  of  one 
of  the  vessels  which  happened  to  be  in  the  neighbourhood,  who 
says  ''the  presence  of  a  powerful  marsh  gas  was  also  easily 
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detected." — Nature^  vol.  xxix.  p.  29.  Moreover,  from  the  obser- 
vations of  Fouqu^  at  Santorin,  and  of  St.  Clcdre  Deville  at 
Vesuvius,  we  know  that  hydrogen  occurs  as  one  of  the  emitted 
gases.  The  following  is  a  Table  given  by  Fouqu^,  p.  227  of 
his  work  on  Santorin,  of  the  gases  collected  on  the  17th  March, 
1877,  at  that  place  :— 
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3  sea. 

It  must  further  be  remembered,  that  very  frequently,  previous  to 
eruptions  of  active  volcanoes,  gases  are  emitted  from  the  craters 
and  cracks  of  the  volcanoes,  and  that  the  emission  continues  long 
after  the  cessation  of  eruptive  activity,  and  may  continue  for 
centuries  when  the  volcano  passes  into  the  state  of  a  hot  spring. 
Finally,  all  over  the  world,  both  on  land  and  in  the  ocean,  as  has 
been  already  remarked,  this  emission  is  going  on  continuously 
from  the  active  volcanoes,  the  hot  springs,  and  simple  jets  of  gas, 
and  the  daily  total  of  this  quantity  of  gas  must  be  something 
past  all  calculation. 

It  may  be  objected  that  were  there  such  continuous  additions 
being  made  to  our  atmosphere,  Science  would  already  have  ascer- 
tained the  fact  by  comparative  barometric  observations.  But  it  must 
be  remembered  that  such  barometric  observations  should  embrace 
the  whole  earth's  surface,  and  have  been  recorded  for  a  sufficiently 
long  time  to  allow  of  any  effective  comparison — that  the  observa- 
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tions  made  at  sea  must  be  limited  to  a  relatively  small  number  of 
points  or  zones — ^that  thepolarregions  must  be  perhaps  for  ever  closed 
to  observation.  Again,  the  constitution  of  the  upper  parts  of  the 
atmosphere,  above  7  miles  =  11,000  m.  height,  are  quite  unknown  to 
us,  and  will  probably  ever  remain  so,  since  no  living  being  can  exist 
at  that  height.  Lastly,  that  account  must  be  taken  of  the  porosity 
of  the  surface  rocks  and  soil,  and  of  the  ocean,  which  can  absorb 
and  retain  quantities  of  gases,  variable  relatively  to  temperature 
and  pressure.  Thus  supposing  the  volume  of  the  atmosphere  to  be 
actually  doubled  by  yolcanic  emission  at  a  given  moment,  it  does 
not  at  all  foUow  that  the  barometer  would  show  that  increase  of 
volume  in  totality  and  at  once,  since  the  pressure  on  the  surface  of 
the  earth  would  cause  a  certain  portion  to  be  taken  up  by  the  soil 
and  rocks,  and  a  certain  other  part  by  the  water.  In  this  respect, 
indeed,  we  should  perhaps  look  to  the  ocean  as  a  far  more  reliable 
witness  to  variations  of  volume  in  our  atmosphere  ;  and  were  the 
analyses  of  ocean  water  sufficiently  numerous,  both  as  regards 
local  distribution  and  depths,  and  extended  oyer  a  sufficiently  long 
period  of  time,  they  would  manifest  by  changes  in  the  quantities 
of  contained  gases  much  more  accurately,  and  with  much  more 
chances  of  sound  compeurison,  variations  in  the  volume  of  the 
atmosphere,  than  would  barometric  measurement.  Here  there 
is  room  to  remark  that  the  quantity  of  gases  contained  in  the 
ocean  and  other  waters  must  be  in  intimate  relation  with  their 
organic  life,  and  that,  consequently,  the  greater  or  lesser  abun- 
dance of  fossils  in  certain  formations  must  bear  some  relation  to 
the  quantity  and  nature  of  the  gases  contained  in  the  sea  in  which 
they  were  deposited,  and  these  gases  were  in  relation  to  the  volume 
and  constitution  of  the  then  atmosphere.  Thus  we  have  probably, 
in  the  fossils  of  the  different  formations,  real  measures  of  the 
atmospheres,  corresponding  to  the  periods  of  their  deposition. 

Were  it  possible  to  determine  directly  the  gases  given  forth 
from  any  one  of  the  existing  active  volcanoes,  no  more  valuable 
scientific  work  could  be  attempted,  but  the  difficulties  are  evidently 
immense,  if  not  insurmoimtable,  unless  in  the  case  of  some  small 
volcanic  cones,  where  it  might  be  possible  to  make  such  an  attempt. 
But  these  difficulties  only  enhance  the  value  of  all  measurements 
and  determinations  of  the  emissions  of  gaseous  hot  springs  and 
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cold  springs,  which  may  be  considered  as  bearing  some  relation  to 
the  total  volcanic  activity. 

The  oil-springs  of  America  and  of  the  Caspian  must  be  con- 
sidered as  coming  into  this  category,  since,  by  their  constitution, 
they  are  akin  to  certain  of  the  gases  which  accompany  volcanic 
action,  and  nothing  yet  absolutely  proves  their  organic  action. 

With  this  continuous  emission  of  gases  and  steam  must  in 
some  way  be  connected  the  slow  movements  of  the  earth's  surface, 
which  are  now  being  more  attentively  studied  than  had  been  the 
case;  and  did  we  posses  sufficient  data  in  respect  of  these  emissions 
in  totOy  it  might  be  possible  to  foresee  the  recurrence  of  volcanic 
eruptions,  or  of  earthquakes,  and  of  disturbances  of  the  earth's 
surface.  Still  more  important  is  the  bearing  of  this  total  emission 
of  gases  and  vapour  on  the  question  of  the  radiation  of  earth  heat 
into  space.  As  the  points  from  which  the  gases  come  are  certainly 
situated  at  relatively  great  depths,  and  in  the  case  of  such  eruptions 
as  that  of  Elrakatoa  most  certainly  at  a  very  great  depth,  the  surface 
radiations  must  be  considered  as  forming  part  of  a  total  radiation, 
some  terms  of  which  correspond  to  points  deep  in  the  interior  of 
the  earth.  That  the  seat  of  the  great  explosion  of  Erakatoa  was 
very  deep  may  be  inferred  from  at  least  two  facts — the  one,  that 
the  '^  recoil"  (to  use  the  expression)  of  the  explosion  was  felt  at  or 
near  the  antipod  of  that  point,  as  observed  by  Monsieur  Forel  in 
Nature^  March  26,  1885.  He  states  that  underground  noises  were 
heard  at  Caiman-Brae,  in  the  Caribbean  Sea,  in  August,  1883, 
contemporaneously  with  the  eruption,  the  exact  antipod  of  Ejrakatoa 
being  the  middle  of  the  State  of  Colombia,  on  the  Magdalena  river, 
between  the  towns  of  Antigua  and  Tunja. 

Another  fact  which  would  lead  one  to  infer  that  the  seat  of  the 
explosion  lay  very  deep  was,  that  the  island  was  split  according  to 
an  east-to-west  direction,  so  that  the  whole  northern  part  became 
detached,  and  sank  to  a  depth  of  200  m.,  or  more.  '^  In  the  place 
where  the  fallen  part  of  Erakatoa  once  stood  there  is  now  every- 
where deep  sea,  generally  200  m. — ^in  some  places  even  more  than 
300  m.  deep  "  {Nature^  vol.  xxx.  p.  12).  Now  this  splitting  in  an  east- 
to-west  direction  may  perhaps  be  considered  as  the  result  of  the 
lateral  pressure  and  intense  friction  of  the  solid  matter,  when  being 
ejected,  against  the  west  side  of  the  vent,  since  coming  from  a 
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great  depth,  and  haidng  only  the  initial  angular  velocity  oorre- 
sponding  to  that  depth,  it  should  lag  more  and  more  as  it  rose  to 
the  surface  of  emission.  This  lateral  pressure  and  friction  would, 
to  a  certain  extent,  explain  the  comminution  of  the  lava,  and  the 
formation  of  the  very  fine  dust. 

That  Krakatoa,  and  indeed  the  whole  of  Java,  having  for 
antipod  the  north-western  coast  of  South  America,  must  in  like 
manner,  to  some  extent,  feel  the  "recoil"  of  eruptions  and  earth- 
quake shocks  happening  in  the  latter  localities,  may  be  expected, 
since  we  have  here  the  occurrence  of  the  exceptional  case  of  land 
having  for  antipod  land,  and  as  can  be  seen  at  a  glance  of  the  map 
exhibited,  showing  the  antipodes  of  the  countries  of  the  Eastern 
Hemisphere,  South  America,  and  part  of  Asia  correspond  in  a 
very  remarkable  manner,  while  at  the  same  time  they  represent 
the  most  active  seats  of  volcanic  and  earthquake  action.  Were 
the  soundings  of  the  ocean  and  our  bathymetrical  maps  complete 
in  this  respect,  and  could  these  soundings  be  verified  periodically, 
it  would  perhaps  be  found  that,  corresponding  to  the  volcanic  and 
earthquake  actions  which  take  place  in  one  hemisphere,  move- 
ments of  the  bottom  of  the  ocean  take  place  in  the  opposite  hemi- 
sphere, and  that  thus  the  deformations  resulting  from  a  continual 
contraction  are  being  balanced,  so  as  to  maintain  the  uniformity 
of  the  earth's  movement. 

There  is  one  last  point  relative  to  the  great  eruption  to  which 
I  venture  to  call  attention;  it  is  that  of  the  periodicity  of  such 
great  outbursts. 

One  of  the  remarks  made  relative  to  Erakatoa  in  the  article  of 
Nature  already  referred  to,  vol.  xxx.  p.  10,  is,  that  the  volcanoes 
of  the  Straits  of  Sunda  had  been  in  a  state  of  quietude  during 
200  years,  and  that  during  the  latter  years  a  great  many  earth- 
quakes took  place  along  the  fissure  on  which  they  are  situated. 
Now,  in  the  same  vol.,  p.  435,  is  a  very  interesting  article  on  the 
frequency  of  earthquakes  in  Japan.  It  is  stated  that  the  Japanese 
have  attempted  to  prove  that  earthquakes  run  in  well-defined 
cycles,  a  by  no  means  novel  or  very  modern  idea.  Wernioh,  in  his 
Qeographische  Medicinische  Studien^  says  "that  severe  earthquakes 
occur  in  Japan  every  20  years."  The  Japanese  journals,  working 
on  records   relative  to  the  period  included  between  the  dates 
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A.D.  628  and  a.d.  886,  have  divided  it  into  26  periods  of  10  years, 
between  which  the  following  intervals  occur : — 

40  years  between  the  2nd  and  6th, 
60     „  „  6th    „    12th, 

40     „  „         12th    „    16th, 

40    „  „         16th    „    20th, 

40    „  „         20th    „    23rd; 

and  from  "the  author's  explanatory  notes  a  still  more  correct 
table  can  be  deduced,  by  means  of  which  the  cycle  of  earthquake 
intensity  is  finally  put  at  33-3  years,  or  3  x  11*1,  that  about 
three  times  the  sun-spot  oyde  (Lockyer  gives  10  years;  Flammarion 

Hi). 

A  further  deduction  is  made,  that  earthquakes  of  a  disastrous 
nature  occur  once  every  59  years,  so  that  the  next  great  catastrophe 
may  be  expected  in  1913. 

Now  it  will  be  remarked  that  the  interval  of  200  years  of  rest 
mentioned  for  EIrakatoa  so  far  corresponds  to  a  multiple  of  the 
short  period  of  10  years,  adopted  as  interval  of  groups,  represent- 
ing also  the  period  of  sim-spots. 

Admitting  that  the  earth  were  onoe  in  a  state  somewhat  as  is  now 
the  sun,  may  it  not  have  had  in  a  similar  manner  a  recurrence  of 
phenomena  such  as  the  sun-spots,  and  may  not  this  recurrence  be 
still  observable  in  the  existence  of  a  period  or  cycle  in  volcanic  and 
earthquake  action?  When  working  at  the  Catalogue  of  European 
earthquakes  which  I  submitted  to  the  Boyal  Irish  Academy  last 
April,  I  noted  a  recurrence  of  a  period  or  interval  of  10  years  in 
many  cases,  but  so  exceptionally  that  I  could  not  point  to  it  as 
a  law ;  however,  a  further  examination  of  the  data  existing  may 
be  more  conclusive  in  this  respect. 
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IV.— ON  A  NEW  SPECIES  OF  0R0PH0CRINU8  (PENTRE- 
MITES),  IN  CARBONIFEROUS  LIMESTONE,  COUNTY 
DUBLIN.  ALSO  REMARKS  UPON  CODASTER  TRL 
LOBATUS  (M'COY),  FROM  CARBONIFEROUS  LIME- 
STONE,  COUNTY  KILKENNY.  By  WILLIAM  HELLIER 
BAILY,  F.L.S.,  Etc.     (Plate  I.) 

[Bead,  February  16,  1886.] 

Orophocrinus  (Pbntremites)  pr-slongus  (n.  s.) : 

This  Blastoid  is  remarkable  for  its  size  and  elongated  oharao- 
ter,  compared  with  others  of  the  genus. 

Its  general  outline  is  that  of  a  lanceolate  body  {calyx)  ^  with  a 
pentagonal  summit,  its  greatest  diameter  being  at  the  termination 
of  the  ambulacra  eight- tenths  of  an  inch  from  the  summit,  decreas- 
ing regularly  towards  the  base  and  terminating  obtusely,  without 
any  trace  of  stem. 

The  basal  plates,  conical  in  shape,  extend  upwards  to  about 
one-third  of  its  length,  measuring  nine-tenths  by  seven-tenths  of  an 
inch ;  the  radial  plates  are  oblong,  one  inch  and  a-half  by  three- 
quarters  of  an  inch  at  the  widest  part ;  the  deltoid  plates  are  small 
and  triangular,  extending  only  to  about  three-tenths  of  an  inch  from 
the  summit,  the  five  plates  forming  a  pentagon  when  viewed  from 
above. 

The  ambulacra  are  narrower  than  in  0.  inflatua;  the  small  plates 
composing  each  are  arranged  in  two  alternating  series,  with  a  deep 
grooye  down  the  centre,  and  are  inclined  towards  each  other  at  an 
angle  of  about  15° ;  there  are  sixteen  of  these  plates  in  the  space 
of  a  quarter  of  an  inch. 

The  mouth,  which  was  small  and  central,  and  ovarian  apertures 
are  not  sufficiently  well  shown  for  description. 

Length,  two  inches  and  five-tenths;  breadth  at  widest  part, 
one  inch  and  six-tenths. 

Plate  I.,  figs.  1,  1a,  2,  2a,  2b. 

Localities. — St.  Doolagh^s  and  Eaheny,  Co.  Dublin,  in  lower 
carboniferous  limestone ;  collection,  Geological  Survey  of  Ireland. 
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CODASTEB  TRILOBATUS  AND  ACUTUS,  M*C0Y : 

Of  this  genus  (belonging  to  the  same  daas  of  Echinodermaia, 
the  Blastoidea),  established  by  M'Coy  under  the  above  name/  he 
describes  two  species  which  appear  to  be  identical. 

Some  years  ago  I  was  fortunate  enough  to  collect  several  well- 
]>reserved  specimens  of  this  fossil,  which  I  refer  to  C  trilobatus^  as 
indicative  of  the  mo&t  usual  form,  resembling  very  much  that  of  a 
hazel  nut,  although  there  are  gradations  between  both  that  and 
the  variety  M^Coy  has  figured  under  the  name  of  C.  acutus. 

As  I  believe  it  has  never  yet  been  recorded  from  Ireland,  I  now 
bring  it  before  the  notice  of  this  Society. 

Our  specimens  were  obtained  from  shales  between  the  carboni- 
ferous limestone  at  an  old  quarry  at  Ldsdowney,  near  Ballyragget, 
county  Kilkenny ;  collection,  Geological  Survey  of  Ireland. 

Its  locality  in  England  is  stated  in  the  St/nopm  to  be  Bolland, 
Derbyshire. 

Plate  I.,  figs.  3,  4,  4a,  4b,  5,  5a. 


NOTE  ADDED  IN  THE  PRESS. 

Since  this  Paper  was  read,  Messrs.  P.  Herbert  Carpenter  and 
Ilobert  Etheridge,  Junior,  who  are  studying  the  subject,  requested  a 
loan  of  the  specimens,  which,  at  their  request,  were  submitted  to  them 
for  thoir  examination.  Although  agreeing  with  me  that  figs.  1,  1a 
represent  a  new  species  (PentrenUtes  prcBlongtui),  they  consider  the  form 
represented  on  figs.  2  and  2a  as  a  different  species  [Orophocrinus  pen- 
tangiUarU,  Miiller  sp.). 


*  Synopsis  of  British  PalsMzoic  Fossils,  1886,  pp.  122,  123,  pi.  3d,  figs.  7,  8; 
Ann,  and  Mag,  Nat,  Ili^t,,  2zid  series,  1949,  vol.  iii.      251. 
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EXPLANATION  OF  PLATE  I. 

Fig.  1. — Orophocrinus  {Pentremites)  pneiongus,  Baily.  Lateral  view, 
natural  size,  from  carboniferous  limestone, 
St.  Doolagh's,  Dublin. 

„    1a. — Do.      do.     Section  of  ditto. 

„    2.  — Do.       do.    Natural  size,  carboniferous  limestone,  Baheny, 
Dublin. 

„    2a. — Do.      do.     Natural  size,  view  of  the  summit. 

„    2b. — Do.      do.    Portion  of  ambulacral  area  enlarged  three  dia- 
meters. 

„    8.  — Codaster  trilobattu,  M*Coy,    Lateral  view,  natural  size. 

„    4.  — Do.       do.    var.  acuttiSy  M'Goy.     Lateral  view,  natural  size. 

„    4a. — Do.      do.  do.      Ventral  surfiEM^e  of  same,  showing  pen- 

tagonal mouth  and  ovate  anal  aper- 
ture, natural  size. 

„    4b. — ^Do.      do.  do.     One  of  the  ambulacral  areas  of  same, 

showing  perforated  plates,  and  in- 
termediate joifiud  ridges,  enlarged 
four  diameters. 

„    5.  — Do.      do.  do.     Small  ovate  specimen,  natural  size. 

,,    5a. — ^Do.      do.  do.     Basal  view  of  same,  natural  size,  show- 

ing convex  central  disk  perforated 
for  attachment  of  stem. 

Figs.  8,  4,  and  5  from  specimens  obtained  in  shales  of  lower  carboni- 
ferous limestone,  Lisdowney,  near^  Ballyragget,  county  Kil- 
kenny. 


BOlBir.  FBOO.  TOL.  Y.  T.  I. 
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VI.— ON  THE  OCCURRENCE  OP  AN  OUTLYING  MASS  OP  SUP- 
POSED LOWER  OLD  RED  SANDSTONE  AND  CONGLO- 
MERATE IN  THE  PROMONTORY  OF  FANAD,  COUNTY 
DONEGAL.  By  EDWARD  HULL,  LL.D.,  F.R.S.,  Director 
of  the  Geological  Survey  of  Ireland. 

[Read,  December  16,  1885.] 

The  district  where  this  mass  occurs  lies  between  Lough  S willy  and 
Mulroy  Bay,  and  is  formed  chiefly  of  metamorphic  beds  of  quartz- 
ite,  schist,  trap,  and  crystalline  limestone.  The  tract  of  Lower  Old 
Eed  Sandstone  lies  along  the  northern  base  of  the  Qlenalla  Hills, 
rising  into  a  high  ridge  of  quartzite,  &c.,  which  strikes  across  the 
promontory  in  a  N.E.  and  S.W.  direction,  and  attains  to  an  eleva- 
tion of  1,196  feet.  The  beds  of  sandstone  and  conglomerate  are 
let  down  by  a  large  fault  against  the  older  rocks,  and  form  a  low, 
rocky  tract,  lying  for  about  two  miles  along  the  northern  base  of 
the  mountain,  and  were  recognized  by  the  officers  of  the  Geological 
Survey  when  engaged  in  that  district  during  the  summer  of  this 
year.  They  consist  of  alternating  beds  of  reddish  soft  sandstone, 
generally  pebbly,  and  often  forming  massive  conglomerates,  with 
large  blocks  of  quartzite,  schist,  limestone,  and  trap. 

The  dip  of  the  beds  is  S.S.E.,  or  towards  the  base  of  the  quartz- 
ite ridge ;  and,  measured  across  the  strike,  the  mass  is  one-quarter 
of  a  mile  across,  and  the  estimated  thickness  is  about  800  feet. 
Bed  shales,  and  flaggy  sandstones  also  occur,  and  are  seen  resting 
unconf  ormably  on  the  quartzite  beds  of  the  metamorphic  series. 

From  the  general  resemblance  of  these  beds  to  those  referable 
to  the  age  of  the  Lower  Old  Eed  Sandstone  in  the  district  of 
Omagh  and  Dromore  to  the  south,  as  also  on  the  coast  of  Antrim 
and  Scotland  in  an  easterly  direction,  I  am  disposed  to  refer  them 
to  this  formation,  rather  than  to  one  of  a  more  recent  period,  such 
as  the  Carboniferous ;  but  in  the  absence  of  fossils  and  the  entirely 
isolated  position  of  the  beds,  the  question  of  their  geological  age 
must  remain  somewhat  indeterminate.  They  seem  to  have  been 
formed  within  the  limits  of  a  basin  separated  from  any  of  the  other 
basins  of  Lower  Old  Eed  Sandstone  either  in  Lreland  or  Scotland, 
and  will  prove  a  new  feature  in  the  Geological  Map  of  Ireland. 
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Vn.— ON  A  METHOD  OF  DETERMINING  THE  SPECIFIC 
GRAVITY  OF  SMALL  QUANTITIES  OF  DENSE 
OR  POROUS  BODIES.  By  J.  JOLY,  B.E.,  Assistant 
to  the  Professor  of  Civil  Engineering,  Trinity  College, 
Dublin. 

[Bead,  January  20,  1886.] 

A  METHOD  of  determining  the  specific  gravity  of  a  small  quantity  of 
a  heavy  mineral  is  often  a  desideratum  in  the  course  of  inquiries  into 
the  composition  of  rocks,  sands,  volcanic  ash,  &c.  The  mineralogist 
is  indeed  frequently  called  upon  to  determine  the  nature  of  minerals 
distributed  but  sparsely  throughout  his  specimen,  or  even  vehen 
abundant — from  the  intimateness  of  their  intermixture  with  other 
substances — only  procurable  in  very  small  fragments,  and,  except 
with  the  expenditure  of  much  time  and  labour,  in  very  small 
quantities.  The  same  case  arises  when  it  is  not  desirable  to  deface 
an  implanted  specimen  of  rare  beauty  of  form.  Finally,  the 
chemist  is  often  called  upon  to  determine  the  physical  properties 
of  minute  quantities  of  matter,  as  in  the  case  of  the  rare  elements. 

Whether  as  a  characteristic  for  discrimination,  or  as  a  physical 
property  to  be  placed  on  record,  the  quality  of  specific  gravity  is 
of  safficient  importance  to  justify  me  in  calling  your  attention  to 
amethod  of  determining  it,  specially  applicable  for  dealing  with 
small  quantities  of  very  dense  bodies,  and  also  with  small  quanti- 
ties of  porous,  fibrous,  or  very  cleavable  bodies. 

The  method  now  in  general  use  for  the  micro-determination  of 
the  specific  gravities  of  silicates,  &c,,  of  low  density  is  by  balancing 
in  a  liquid  of  a  specific  gravity,  adjustable  to  that  of  the  specimen, 
and  subsequently  determining  the  density  of  the  solution  em- 
ployed. 

This  method  fails  altogether — 

(a)  When  the  substance  has  a  specific  gravity— over  four. 

(b)  When  the  substance  is  of  a  porous  nature. 

In  the  first  case  the  method  fails,  for  want  of  a  liquid  of 
sufficient  density  to  equilibrate  the  solid.     Indeed  we  cannot 

flCIKN.  PROC,  R.D.B.,  VOL.  V.  PT.  II.  £ 


Digitized  by  LjOOQ IC 


42  Scientific  ProceetfingSy  Royal  Dublin  Society. 

readily  extend  the  method  above  the  specific  gravity  2*77,  that  of 
Thoulet's  solution  (the  mutually-saturated  solutions  of  biniodide 
of  mercury  and  iodide  of  potassium).  The  solutions  necessary  to 
extend  the  range  above  this  are  either  costly  or  difficult  to  work 
with :  some  can  only  be  used  by  maintaining  them  at  a  high 
temperature  (as  lead  chloride  at  400^  C).  In  any  case  the  range 
of  density  hardly  passes  that  of  garnet,  3*4  -  4*3,  and  I  am  not 
aware  of  any  other  published  method  of  dealing  with  small  frag- 
ments of  minerals  of  a  specific  gravity  exceeding  this.  In  short, 
if  a  few  milligrams  of  any  of  the  host  of  minerals  ranging  above 
4*5  in  density — about  90  per  cent,  of  the  unsilicated  mineral 
species — be  presented  to  the  mineralogist,  he  is  unable  to  deter- 
mine this  characteristic. 

In  the  second  case — the  case  of  porous  bodies — the  impossi- 
bility of  freeing  the  body  from  contained  air,  when  immersed  in 
liquids  of  the  nature  of  those  to  which  we  are  restricted,  renders 
the  method  fallacious.  The  air-pump  or  the  application  of  heat 
will  generally  be  found  of  little  avail.  In  this  case  we  must  again 
seek  a  large  quantity  of  the  substance,  so  that  we  may  be  able  to 
weigh  it  in  a  liquid  of  low-surface  tension,  or  of  a  'creeping* 
nature,  such  as  turpentine  or  alcohol.  Small  quantities  cannot  be 
dealt  with. 

The  method  to  be  now  described  enables  the  specific  gravity  of 
substances  to  be  determined  under  both  these  conditions — that  is, 
whatever  their  density  or  whatever  their  state  of  aggregation — in 
extremely  minute  quantities,  with  an  accuracy  limited  only  by  the 
sensitiveness  of  the  chemical  balance,  and  by  the  aid  of  solutions 
of  a  density  varying  from  about  that  of  water  to  say  twice  that  of 
water :  but  this  is  under  our  own  control.  Unfortunately,  it  is 
inapplicable  to  the  purpose  of  effecting  the  separation  of  bodies  of 
different  specific  gravities. 

Briefly,  the  theory  of  the  method  is  as  follows  : — The  mineral 
by  itself  will  not  float  in  any  known  solutioii,  suppose.  If,  how- 
ever, we  mix  it  with  another  substance  of  much  lower  specific 
gravity,  there  is  easily  found  such  a  proportion  for  the  constituents 
as  will  enable  the  mixed  bodies  to  be  equilibrated  by  dilution  of 
the  specific  gravity  liquid.  We  may,  in  short,  adjust  the  specific 
gravity  of  the  mixed  substances  to  be  as  close  to  that  of  either  of 
them  as  we  please. 
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We  require  to  know — 

W   the  weight  of  the  mineral, 

III        „         „         ,,       buoyant  substance, 

a         „    sp.  gr.     „       buoyant  substance. 


s 

»         >j 

„       mixed  substances, 

in  order  to 

determine  5,  the  specific  gravity  required. 

Then, 

as 

sp. 

gr. 

8 

weight 
volume' 

IV  -k-  hi        Ol 

«                H 

or 

S- 

Was 
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By  this  means,  then,  we  can  evidently  deal  theoretically  with 
bodies  of  any  specific  gravity ;  and,  further,  if  for  the  buoyant 
substance  we  chose  one  which,  when  brought  to  a  liquid  state,  will 
creep  into  and  surround  the  substance,  we  may  evidently  be  inde- 
pendent of  conditions  of  aggregation,  and  all  trouble  with  con- 
tained air,  or  bubbles  adhering  to  the  surface  of  a  rough  fragment, 
avoided. 

How  the  method  is  practically  carried  out  I  now  proceed  to 
describe. 

The  specific  gravity  of  a  piece  of  translucent,  homogeneous 
paraffin,  free  from  bubbles,  is  taken  by  any  of  the  ordinary 
methods — weighing  in  water  with  a  sinker,  or  balancing  in  a 
mixture  of  aloohol  and  water,  and  then  determining  the  density 
of  the  solution.  The  value  found  is  what  I  called  a  above,  the 
specific  gravity  of  the  buoyant  substance.  There  is  no  better 
paraffin  for  our  purpose  than  that  sold  in  the  form  of  candles ; 
nor  do  I  see  any  reason  to  seek  any  other  substance.  It  fulfik 
all  requirements,  its  penetrativeness  when  melted  and  its  trans- 
luoenoy  when  solid  leave  nothing  to  be  desired. 

E2 
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From  this  piece  of  paraffin  a  little  diBk-shaped  piece — about 
3  or  4  mms.  in  diameter,  and  1'5  mm.  thick — is  cut  with  a  sharp 
knife,  cleanly  paired  and  smoothed  on  the  edges  by  gently  rubbing 
between  the  fingers.  The  disk  is  larger  or  smaller  according  to 
the  quantity  of  mineral  at  our  disposal,  and  if  great  accuracy 
be  desired  we  determine  its  specific  gravity,  thus  avoiding  any 
assumption  as  to  the  homogeneousness  of  the  piece  from  which  it 
is  cut.  There  will  be  in  general,  however,  no  need  of  doing  so : 
thus  compare  the  two  following  specific  gravities  obtained — (1)  on 
a  piece  of  paraffin  weighing  over  11  grms. ;  (2)  on  a  little  disk 
removed  from  this,  and  weighing  about  '04  gram.  (2)  was  deter- 
mined by  balancing  in  dilute  alcohol : — 

(1)  0-9204 

(2)  0-9208 

An  inappreciable  difference  of  specific  gravity. 

The  disk  removed  is  next  weighed  in  a  delicate  balance.  If 
as  small  as  described  above,  the  balance  should  read  definitely  to 
02  mgi*.  Its  weight  is  oi  in  the  equation.  It  is  in  all  cases 
manipulated  by  use  of  a  clean  ivory  forceps.  If  very  minute  it  is 
weighed  on  a  tarred  watch-glass,  and  so  need  not  be  manipulated  at 
all  after  preparation.  Eemoved  from  the  balance,  the  small  frag- 
ment (or  fragments)  of  mineral  is  placed  upon  the  surface  of  the 
disk.  The  extremity  of  a  slip  of  copper,  about  5  mms.  wide,  is 
now  heated  in  a  smokeless  flame — it  is  better  to  use  a  little  copper 
ball,  drilled  and  fitted  on  to  a  fine  steel  knitting-needle — and  held 
above  the  fragment  of  mineral,  care  being  taken  not  to  approach 
it  so  closely  as  to  endanger  the  paraffin  being  volatilized  or  of  its 
being  melted  so  far  as  to  risk  loss  by  running  over.  Preferably 
the  disk  of  paraffin  should  rest  on  a  piece  of  wet  filter  paper,  or  on 
an  anvil  of  clean  copper ;  this  will  keep  the  lower  surface  cool. 
In  point  of  fact,  the  mineral  in  general  absorbing  heat  more  freely 
than  the  paraffin,  melts  the  paraffin  beneath  it  by  conductivity, 
and  there  is  little  risk  of  loss.  The  heating  is  continued  till  the 
mineral  is  seen  to  be  completely  soaked  with  the  paraffin — every 
crack  and  cranny  is  then  filled,  the  paraffin  welling  up  and 
swallowing  the  specimen  and  expelling  all  trace  of  air. 
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When  oold  it  is  placed  in  the  balance  and  weighed.  By  sub- 
tracting (ki  from  the  weight  found,  we  have  W^  the  weight  of  the 
mineral. 

There  is  probably  no  loss  of  paraflBn  in  this  process.  Thus  it 
will  be  found  that  if  such  a  pellet  be  very  carefully  balanced  in  a 
solution,  removed,  dried,  and  melted  on  the  hitherto  imaltered 
face  of  the  disk,  and  then  replaced  in  the  solution,  there  is,  if 
anything,  a  slight  decrease  of  density ;  on  complete  cooling  this 
decrease  is  inappreciable. 

The  pellet  is  now  dropped  into  a  specific  gravity  solution.  A 
saturated  solution  of  common  salt  and  water  (sp.  gr.  about  1*2) 
will  in  many  cases  be  found  sufficient  to  float  it.  If  so,  we  have 
merely  to  adjust  by  adding  water.  Otherwise  we  resort  to  Thoulet's 
Bolution  ("  Mineralogie  Micrographique  ",  Fouqu^  et  L^vy,  p.  118). 

I  have  prepared  no  pellets  approaching  this  density — 2*77 — 
but  I  prefer  the  use  of  this  solution  in  all  cases ;  it  seems  to  con- 
centrate less  rapidly  by  evaporation,  and  is  more  "  creepy'*.  It 
should  be  preserved  and  reconcentrated  by  evaporation  after  use. 

In  this  operation  of  balancing  it  is  advisable  to  use  a  camel's 
hair-brush  for  stirring,  and  also  for  conveying  small  quantities  of 
liquid  when  finally  adjusting — a  process  of  much  delicacy.  The 
brush  is  also  used  for  removing  bubbles  from  the  pellet,  which, 
however,  will  be  found  to  give  Kttle  trouble  if  the  solutions  be 
previously  boiled  to  expel  air.  If  the  mixed  solutions  containing 
the  pellet  be  left  standing  for  some  hours  before  finally  adjusting, 
it  will  be  found  on  examination  with  a  lens  that  bubbles  will  no 
longer  gather  on  the  paraffin.  Should  it  be  desired  to  preserve  the 
adjusted  solution  for  any  little  time,  the  final  adjustment  should 
be  effected  in  a  stoppered  bottle,  otherwise  concentration  will  oocui 
in  a  very  short  time  on  exposure  to  the  air. 

The  last  operation  is  finding  the  specific  gravity  of  this  solution, 
which  gives  us  «  in  the  formula.  This  is  most  accurately  done  in 
a  Sprengel  tube,  holding  about  5  ccs. ;  the  bottle  may  also  be  used. 

The  following  Table  records  the  results  of  ten  exi)uriment8, 
made  in  verification  of  the  method.  I  have  altogether  made  but 
twelve  experiments — one  was  spoiled  by  overheating  and  losing 
acme  of  the  paraffin  by  overfiow ;  the  other  by  inadvertently 
touching  with  the  heater,  and  thus  drawing  off  a  little  paraffin. 
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I  went  through  with  these  experiments,  and  obtained  results 
revealing  sensibly  the  loss  of  buoyant  material. 

Thaiis  to  the  translucency  of  the  paraffin  we  are  able  to 
examine  minutely  the  appearance  and  condition  of  the  mineral 
when  imbedded.  I  have  here  under  the  microscope  the  pellets 
made  up  for  these  experiments.  If  you  will  examine  with  this 
1"  objective  the  appearance  presented  by  the  gold  of  experiment 
7,  of  the  cuprite  of  experiment  10,  you  will  obtain  some  notion  of 
the  efficacy  of  the  melted  paraffin  to  penetrate  and  surround  loose 
and  dendritic  bodies.  The  fragment  of  cuprite  is  about  twice  the 
size  of  a  pin's  head ;  it  is  a  maze  of  little  exquisite  octahedrons, 
deep  blood-red  in  colour,  and  with  fine  translucency.  Around  it 
the  disk  of  paraffin  is  uniformly  translucent;  through  it  the  paraffin 
has  permeated  completely,  not  a  crack  or  bubble  visible.  Similarly, 
the  gold  seems  not  less  perfectly  embalmed  beneath  its  silvery 
veil — free  from  any  visible  blemish  to  mar  the  accuracy  with  which 
we  measure  its  volume. 

Of  experiments  4  and  5  it  is  interesting,  perhaps,  to  note^that 
4  was  undertaken  with  the  notion  that  the  mineral  being  dealt 
with  was  barite.  Its  weight,  as  a  hand  specimen,  was  deceptive, 
it  being  penetrated  by  sphalerite.  On  getting  the  result  (2*78)  it 
was  concluded  that  an  oversight  had  been  made  somewhere  in  the 
measurements,  and  experiment  5  was  undertaken;  this  giving  2'77, 
the  specimen  was  appealed  to.     Tests  then  showed  it  to  be  calcite. 

I  have  thought  well  to  include  in  the  Table  some  of  the  quanti- 
ties obtained  in  working  the  formula,  as  bearing  on  the  scale  on 
which  the  experiments  have  been  made.  It  is  evident  that  the 
method  can  be  applied  on  a  much  smaller  scale  still. 
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VIII.— NOTES  ON  THE  MINERALS  OF  THE  DUBLIN  AND 
WICKXOW  GRANITE.  I.— THE  BERYL  AND  lOLITE 
OF  GLENCULLEN.  By  J.  JOLY,  B.E.,  Assistant  to  the 
Professor  of  Engineering,  Trinity  College,  Dublin.  ("With 
Plates  II.,  III.,  and  IV.) 

[Read,  November  18,  1886.] 

The  beryls  described  in  the  following  pages  occur  in  the  granite 
exposed  in  the  quarries  of  GlencuUen,  Go.  Dublin,  close  over  the 
little  stream,  Cookstown  River,  which  flows  into  the  village  of 
Enniskerry,  some  three  miles  further  on.  These  quarries  are 
situated  about  one  mile  from  the  junction  of  the  granite  with  the 
schist.  Other  and  larger  quarries  opened  higher  up  on  the  same 
side  of  the  valley  yielded,  on  examination,  only  one  small  specimen. 
In  the  lower  quarries  these  beryls  occur  in  abundance — an  abun- 
dance equalled  by  no  other  locality  in  the  Dublin  and  Wioklow 
granite,  so  far  as  I  know. 

I  can  find  no  previous  mention  of  this  locality  anywhere  in 
published  records.*  In  Weaver's  remarkable  and  beautiful  work 
on  the  geology  of  Eastern  Ireland*  the  locality  is  unmentioned. 
Weaver  was  the  first  to  find  beryls  in  the  granite.  It  is  strange 
that  the  GHencuUen  beryls  escaped  notice  so  long.  The  quarries 
are  very  old,  aud  beryls  have  occurred  in  them,  I  am  informed  by 
the  quarrymen,  from  the  first. 

The  crystals,  which  are  sufficiently  remarkable  in  habit  and 
structure  to  justify  close  investigation,  occur  in  veins  and  bunches 
throughout  the  granite,  generally  coarsely  crystallized  in  their 
immediate  neighbourhood.      Orthoclase,  especially,  occurs  in  re- 


>  Prof.  J.  P.  O'Reilly's  visit  {Proc,,  R.  D.  S.,  vol.  iv.,  p.  605)  was  made  some 
months  after  mine,  which  took  place  in  January,  1885. 

*  **  Memoir  on  the  Geologioal  Relations  of  the  East  of  Ireland,"  by  T.  VTeaver. 
From  vol.  v.  of  the  Transactions  of  the  Geological  Society  of  Ireland,  1819.  This 
work  is  too  much  neglected :  thes  engi-avings  of  mountain  profile  are  exquisite ;  the 
letterpress,  with  all  the  freshness  df  "  the  Complete  Angler,*'  is  a  record  of  patient  and 
conscientious  research.  \ 
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markably  fine  crystals.  Tourmaline,  which  most  generally  is  part 
of  the  immediate  matrix  of  the  more  highly  altered  beryl,  occurs 
plentifully.  Mixed  with  kaolinized  matter,  it  is  moulded  often  in 
Tery  large  masses  to  the  beryl,  rarely  penetrating  the  hexagons.  I 
possess,  however,  a  specimen  of  beryl — from  the  Ballybetagh 
quarry — in  which  a  crystal  of  tourmaline,  to  all  appearance,  passes 
through  a  well-formed  hexagon  from  side  to  side.  The  beryl  has 
been  altered,  however,  which,  as  we  will  see,  probably  affords  an 
explanation. 

The  beryls  of  Glencullen  present  three  types :  normal  crystals, 
radiating  crystals,  and  altered  crystals. 

1.  Normal  Beryl. 

Pale  apple-green;  semi-transparent  to  translucent.  Also  yellow; 
semi-transparent  to  translucent.  Only  faces  definitely  shown,  base 
and  prism.  The  yellow  varieties  often  present,  on  breaking  the 
crystals  across,  a  core  of  green-coloured  beryl. 

Specific  gravity  =  2722  ;  taken  on  a  large  green  hexagon 
weighing  86  grammes. 

Sections  of  these  beryls,  taken  parallel  to  prism  faces  or  to  basal 
&oes,  show  numerous  enclosures,  vitreous  with  bubble  or  liquid 
with  bubble ;  congregated  in  nebulae  or  arranged  in  strings.  These, 
taken  at  right  angles  to  optic  axis,  show  want  of  uniformity  in 
extinction  between  crossed  nicols.  There  is  a  cross-hatched  appear- 
ance, as  if  the  mineral  was  not  crystallographically  homogeneous 
throughout.  Des  Cloizeau,  on  optical  grounds,  considered  beryl  as 
probably  possessing  two  optic  axes  close  together. — Mineralogies 
p.  366,  vol.  i. 

These  normal  beryls  cohabit  with  muscovite,  which  often  closely 
adheres  over  their  prismatic  faces.  In  size,  crystals  measuring 
a  couple  of  centimeters  across  the  prism  face  are  not  uncommon. 
Some  years  ago  I  took  a  crystal  from  the  small  opening  in  the 
granite  at  Ballybetagh,  which  ijueasured  about  45  cm.  across  the 
prism  faces. 

Interpenetration  by  orthoclase  is  common  in  these  crystals.  I 
have  not  seen  any  definitely  penetrated  by  either  mica  or  quartz. 

Beryl  is  not  a  phosphorescent  mineral :  if,  however,  some  of 
these  crystals  be  heated  in  a  dark  room  they  will  be  found  to 
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become  luminous  here  and  there  over  their  surface.  This,  I  ascer- 
tained, was  due  to  the  fragments  of  orthoclase  adhering  to  the 
hexagons.  Mr.  Moss  has  been  aware  of  this  peculiai:ity  of  the 
DabUn  orthoclase  for  many  years,  having,  like  myself,  discovered 
it  accidentally. 

2.  Radiating  Beryl. 

This  second  type  diflPers  from  the  first  in  habit  only,  but  this 
habit  is  one  not  noticed  in  the  descriptive  mineralogies,  and 
evidently,  at  any  rate,  developed  in  the  crystals  found  at  Glen- 
cullen  to  a  rare  degree  of  perfection. 

The  crystals  radiate  in  the  most  regular  and  striking  manner, 
not  alone  fanwise,  but  as  cones  or  sphere  segments.  The  pris- 
matic form  seems  fidly  preserved  in  the  individual  crystals,  but 
each  crystal  is  tapered,  dwindling  at  last  to  the  common  centre  of 
radiation.  For  some  distance  around  this  centre  no  structure,  other 
than  radiating  lines,  is  indeed  noticeable :  further  out  the  crystals 
individualize,  and  their  prismatic  form  is  apparent.  If  a  chip 
from  near  the  centre  of  one  of  these  cones  is  placed  between  crossed 
nicols  it  is  found  to  extinguish  parallel  to  the  radiating  lines ;  hence, 
the  fact  that  the  axis  of  the  prism  lies  along  these  lines  is  almost 
assured. 

A  section  taken  through  the  centre  of  a  small  group  of  radiat- 
ing crystals  revealed  strongly-marked  cleavage  along  the  radii,  a 
cleavage  at  right  angles  to  this  also  well  marked,  and  faint  cleav- 
age lines  intersecting  at  about  100°,  this  angle  being  external  to 
the  centre,  and  bisected  by  the  radii.  Countless  enclosures,  mostly 
vitreous,  are  present,  generally  elongated  along  the  radius ;  these 
are  very  minute. 

These  radiating  beryls  are  pale-green,  bluish-green,  yellow, 
and  yellow-brown;  translucent  to  opaque,  when  they  are  often 
quite  white  in  colour.  Sometimes  they  are  highly  altered  when 
they  fall  under  the  third  type,  where  they  will  be  described. 
Basal  cleavage  cracks  cross  the  radii  in  lines  roughly  circular 
round  the  centre  of  radiation.  The  crystals  easily  break  along 
this  cleavage,  producing  a  stepped  appearance  along  the  radii. 

The  groups  are  all  more  or  less  fan-like  in  section,  that  is,  the 
cone  seems  never  to  merge  into  the  sphere ;  they  are  occasionally 


Digitized  by  LjOOQ IC 


JoLY — (hi  the  Minerals  of  the  Dublin  and  Wicklotc  Oranite.     51 

veiy  small)  often  onlj  a  couple  of  oentimeters  in  diameter,  and 
frequently  appear  on  the  surf aoe  of  the  granite  in  great  numbers 
imparting  a  yeiy  extraordinary  appearance  to  the  rock.  The 
figure  on  plate  iv.  from  a  photograph,  shows  a  veiy  lovely  speci- 
men full  size.  It  is  of  a  delicate  pale,  bluish-green  colour ;  trans- 
lucent. The  radii  pass  through  the  block  of  granite  removed  with 
it,  appearing  in  coarse,  crowded,  hexagons  on  the  other  side,  and 
mixed  with  tourmaline.  They  are  there  of  a  rusty-brown  colour. 
Some  of  the  crystals  must  scale  over  15  cms.  in  length.  This 
specimen  was  found  by  Mr.  Gerald  Stoney,  in  company  with 
Mr.  K.  Doyle. 

The  specific  heat^  of  Glencullen  beryl,  taken  by  the  method  of 
condensation,  was  found  to  be  0*21401.  The  specimen  used  was  a 
green  crystal  taken  from  a  group  of  radiating  prisms. 


Experiments  on  loss  of  Colour. 

It  has  long  been  known  that  emeralds  calcined  at  a  low  red 
heat  lose  colour,  becoming  white  and  opaque,  and  parting  with 
water  and  organic  matter.  Such  are  the  results  of  Lewy's  experi- 
mentSy  who  ascribes  the  colour  of  emeralds  to  the  presence  of 
organic  matter. 

It  appeared  of  interest,  as  throwing  some  light  on  the  history 
of  these  beryls,  and  on  that  of  the  granite  containing  them,  to 
repeat  the  experiment,  and  if  possible  fix  an  inferior  limit  to  the 
decolourizing  temperature. 

Experiment  1. — A  preliminary  experiment  on  some  fragments 
of  green  beryl  showed  that  a  temperature  far  below  that  of  red 
heat  sufficed  to  bleach  and  render  opaque.  The  fragments  were 
heated  on  copper  foil,  over  a  fire  for  a  few  minutes,  they  could 
almost  be  handled  immediately  on  removal. 

Experiment  2. — Fragments  of  green  and  yellow  beryl,  dropped 
into  a  test  tube  containing  boiling  mercury,  lost  nearly  all  colour 
after  about  one  hour's  heating. 

Experiment  3. — Fragments  of  green  and  yellow  beryl,  sealed 


^  I  hopo  shortly  to  publish  an  account  of  this  metho<l  of  ^investigation,  and  of  the 
means  by  which  1  hope  to  make  it  generally  available. 
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in  a  glass  tube  containing  air,  and  dropped  into  a  tube  containing 
boiling  mercury,  lost  nearly  all  colour  after  an  hour's  heating. 

Experiment  4. — Fragments  sealed  in  a  glass  tube  containing 
air,  and  heated  for  five  hours  to  a  temperature  of  180°  C.  (in  a 
bath  of  boiling  carbolic  acid)  suffered  no  change. 

Experiment  5. — Other  specimens,  heated  by  means  of  a  sul- 
phuric acid  bath  to  a  temperature  of  200°  C,  rising  to  250^  for 
about  six  hours,  showed  no  change. 

Experiment  6. — Bits  of  green  and  yellow  beryl  placed  in  an  air 
bath,  retaining  a  temperature  of  about  230°  C.  for  thirty  hours 
showed  a  decided  loss  of  colour. 

Experiment  7. — Boiling  in  water  did  not  restore  colour  to  the 
decolourized  specimens;  nor  has  it  returned  since  (after  forty 
days).     The  specimens  of  experiments  2-7  retain  translucency. 

Conclusions, — ^It  appears  from  experiments  2  and  3  that  a 
temperature  of  357°  0.  (the  boiling  point  of  mercury)  is  sufficient 
to  deprive  both  green  and  yellow  beryls  of  colour  in  a  very  short 
time,  and  that  whether  in  contact  with  the  air  or  not.  Experiment 
6  shows  that  the  temperature  of  alteration  may  be  taken,  probably, 
as  well  inferior  to  350°  C. ;  with  long-continued  heating  possibly 
below  250°  0. 

On  the  nature  of  the  change  efltected  in  these  beryls  by  heating 
I  am  unable  to  give  an  opinion.  Their  continued  translucency 
shows  at  any  rate  that  the  change  is  not  produced  in  a  mechanical 
way — as  it  might  be — by  the  development  of  very  numerous 
cracks. 

I  would  suggest  that  this  phenomenon  bears  on  the  history  of 
rocks  containing  this  mineral.  These  green  and  yellow  beryls  to 
be  found  nested  far  and  wide  throughout  our  Dublin  granite  are 
in  short  so  many  maximum  thermometers.  Their  delicate  and 
beautiful  colours  indicate  a  major  limit  to  the  changes  of  tempera- 
ture experienced  by  the  granite  since  their  formation  to  the 
present  day. 

3.  Altered  Beryl. 

The  third  type,  which  may  be  described  as  altered  beryl,  includes 
the  larger  portion  of  the  total  number  of  crystals  coming  from 
GlencuUen.  I  have  found  also  similar  crystals  at  Ballybetagh  and 
in  Killiney  granite. 
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Externally  they  show  well  and  sharply-developed  faces,  both 
prismatic  and  basal,  and  the  angles  of  the  hexagonal  prism.  But 
here  the  resemblance  to  beryl  ends ;  they  are  neither  transparent 
nor  translucent.  The  vitreous  surface  and  homogeneous  appear- 
ance of  beryl  are  wanting.  They  are  opaque,  dull,  rough,  and 
piebald :  some  dull  green  and  white,  some  dull  green  and  dull 
rusty  brown.  They  are  in  fact  a  different  mineral  from  beryl  in 
all  but  external  form.  They  are  found  up  to  about  half  a  kilo  in 
weight.  Sometimes  the  cores  of  the  hexagons  are  eaten  out  into  a 
cavernous  tube  lined  with  rusty  matter.  Occasional  cracks  crossing 
the  prism  recall  the  imperfect  basal  cleavage  of  beryl. 

Their  specific  gravity  shows  at  once  that  they  are  not,  or  only 
in  part,  composed  of  beryl.  I  found  it  to  be  2*620  taken  on  a 
specimen  of  average  appearance,  free  from  hollows,  weighing  fifty 
grammes.  The  lowest  specific  gravity  recorded  by  Dana  is  2'63 ; 
by  Des  Cloizeau  2*67.  I  have  mentioned  that  the  specific  gravity 
of  a  specimen  of  normal  beryl  from  Glencullen  was  found  to  be 
2-722. 

The  specific  heat  is  hardly  abnormal  so  far  as  my  experiments 
on  beryl  go.  Three  experiments  were  made  on  the  same  specimen 
used  in  ascertaining  specific  gravity : — 

(a)  0-21554. 
(6)  0-21446. 
(o)  0-21691. 
Mean  specific  heat  =  0*21563. 

On  breaking  up  the  crystals  they  are  found  to  present  inter- 
nally the  same  appearance  as  regards  colour  and  lustre  as  exter- 
nally. 

I  have  seen  no  complete  hexagons  of  this  altered  beryl.  This 
is  noteworthy.  One  side  or  one  end  of  the  hexagon  invariably 
passes  insensibly  into  the  orthoclastic  matrix,  that  again  insensibly 
passing  into  granitic  mixture  with  quartz  and  mica.  Tourmaline 
abuts  against  the  faces  in  many  cases,  but  is  easily  peeled  oS, 
leaving  a  clean,  smooth  surface  beneath.  It  does  not  penetrate  or 
grow  into  the  prism.  With  the  orthoclase  it  is  different.  It  is  in 
that  case  impossible  to  say,  on  a  fractured  surface,  where  ortho- 
dase  begins  or  prism  ends.     Nor  are  these  crystals  ever  found 
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implanted  on  quartz  only,  as  is  common  with  normal  beryls  from 
Qlenoullen. 

I  had  a  section  from  one  of  these  crystals  prepared  for  the 
microscope  by  Mr.  Gregory,  of  London ;  it  was,  by  my  directions, 
taken  parallel  to  one  of  the  prismatic  faces.  The  specimen  was  in 
colour  mottled  green  and  white,  with  some  rusty  marks. 

On  examination  in  the  polarizing  microscope  it  appeared,  in 
the  first  place,  that  more  than  one  mineral  entered  into  the  com- 
position of  these  crystals.     The  fundamental  constituents  were 
evidently  two  in  number.     There  was  a  constituent  presenting  the 
appearance  of  a  felspar,  and  there  was  a  more  homogeneous  con- 
stituent, which  I  suspected  to  be  beryl.     These  were  mixed,  archi- 
pelago-like, in  wild  confusion,  but  always  quite  distinct.     The 
felspathic  part  extinguished  locally  or  in  plumed  shadows,  which 
crept  over  the  field  as  the  stage  was  rotated.   Faint  cross-hatching, 
checquered  or  wavy  marks,  recalled  microcline:  these  marks  appear 
in  fig.  3,  pi.  III.     Such  are,  however,  common  in  well-authenti- 
cated orthoclase.     It  showed,  too,  the  habitually  quiet  colours  of 
that  felspar,  slate-grey  in  this  case ;  and  in  fact  I  had  little  doubt 
it  was  orthoclase.     Lately,  however,  examination  of  the  cavities 
eaten  in  these  crystals  by  decomposition  has  set  the  question  at 
rest.     In  these,  bunches  of  small  laminate  crystals,  resembling 
white  orthoclase  in  appearance,  branch  from  the  walls  in  tufts  and 
plumes;    their   grouping   suggestively  recalling   the   plume-like 
extinctions  obtained  on  the  sections.     Fragments  of  these  tufted 
crystals,  removed  and  placed  in  a  diffusion  zone  above  Thoulet's 
solution,  according  to  the  simple  and  accurate  method  devised  by 
Professor  Sollas,  float  side  by  side  with  the  Glencullen  orthoclase. 
Their  specific  gravities  are,  therefore,  identical.     Again,  when 
compared  with   Glencullen  orthoclase  on  the  Meldometer  their 
melting  points  are  found  to  be  identical.     There  is  little  doubt, 
then,  that  this  constituent  is  orthoclase. 

It  is  seen  at  once  on  the  section  that  this  orthoclase  includes  a 
great  many  sharply-defined,  brilliantly  polarizing  crystals,  present- 
ing a  very  beautiful  appearance.  They  are  very  small,  and,  with 
great  probability,  are  iolite. 

In  the  second  principal  constituent  extinction  is  not  local,  but 
takes  place  simultaneously  all  over  the  field,  leaving  the  felspar 
standing  out  in  luminous  veins  and  patches. — Fig.  I,  pL  ii.  (x  18 
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diams.)  It  polarizes  in  bright  colours  uniformly,  and  generally 
appears  limpid  and  clear,  save  for  conspicuous  cleavage  streaks. 
It  is  bordered  where  abutting  on  the  felspar,  with  a  dark  margin, 
due  to  difference  of  refractive  index. 

It  will  be  evident  that  if  this  constituent  is  beryl,  and  the 
streaky  Hues  alluded  to  basal  cleavage,  not  only  should  we  expect 
simultaneous  extinction,  but  we  should  expect  it  to  occur  when 
these  lines  are  in  the  plane  of  analyzer  or  polarizer,  the  axes  of 
elasticity  of  the  section  being  then  contained  in  these  planes.  On 
trial  it  is  found  to  happen  so. 

Again,  in  the  case  of  a  section  cut  in  a  plane  at  right  angles  to 
the  one  being  described — that  is,  at  right  angles  to  the  axis  of  the 
prism — this  same  one  of  the  two  constituents  should  behave  as  if 
amorphous :  that  is,  remain  dark  all  round  between  crossed  nicols. 
I  had  a  section  cut  in  this  direction  from  the  same  specimen,  and 
it  behaved  as  expected,  save  that  it  showed  the  cross-hatched 
appearance  before  alluded  to  as  being  noticeable  on  normal  beryl 
80  out.     There  was  no  appearance  of  cleavage. 

The  analysis  subsequently  made  confirming  the  presence  of 
beryl,  it  may  be  considered  certain  that  this  second  constituent  is 
indeed  that  mineral.     It  contains  no  iolite. 

There  is  no  ciystallographic  relation  discernible  in  the  distri- 
bution of  these  two  chief  constituents,  orthodase  and  beiyl. 
Indeed,  so  far  from  such  being  apparent,  the  felspar  seems  to 
wander  at  random  through  the  beryl;  branching  veins,  sharply 
defined  and  often  of  extreme  fineness,  spread  over  the  field. 
Rivers  of  felspar  they  look  like — now  widening  into  lakes 
and  again  dwindling  to  mere  streamlets.  Scattered  through- 
out, the  iolite  glows  with  exquisite  colour,  like  many-coloured 
flower  blossoms  that  have  fallen  and  are  borne  along  by  a  dark 
river. 

Where  broadest  these  veins  are  sometimes  clouded  over — a 
muffed  glass  appearance — where  probably  the  felspar  is  kaolinized 
by  water  action.  There  is  present  also,  chiefly  through  the  beryl, 
a  chloritic  mineral  most  nearly  resembling  Dana's  prochlorite  in 
its  habit — ropy,  radiating,  and  vermiform.  Some  of  these  radiating 
spheroliths-— often  extremely  minute  and  closely  crowded — show 
the  extinction  cross  with  branches  remaining  along  the  sections  of 
the  nicols  as  the  stage  lb  rotated,  indicative  of  a  structure  radiating 
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along  the  axis  of  elasticity.  Their  colour  is  dark  green  to  yellow. 
They  are  probably  an  alteration  mineral,  occurring  principally 
near  the  surface  of  the  hexagons.  To  this  constituent  the  dull 
green  colour  of  the  crystals  seems  to  be  due.  A  little  pyrites  and 
hematite  are  also  present. 

The  question  that  now  presents  itself  for  consideration  is 
this : — ^Here,  in  the  field  of  the  microscope,  are  two  minerals,  both 
in  the  crystalline  state — one  true  to  the  external  hexagonal  form  in 
molecular  arrangement,  while  apparently  separated  into  innumer- 
able isolated  portions  by  the  second  substance,  which,  in  its  optical 
behaviour,  shows  no  sympathy  with  the  planes  which  limit  in 
common  the  extension  of  both  minerals.  From  our  knowledge  of 
its  nature,  it  would  indeed  be  altogether  anomalous  that  it  should 
show  such  sympathy. 

Are  we  to  suppose  that  we  are  here  dealing  with  a  crystal  of 
beryl  which  has  been  eaten  into  and  replaced,  at  some  period  of 
its  history,  by  orthoclase,  or  with  the  result  of  simultaneous  inter- 
crystallization  of  beryl  and  orthoclase  in  the  first  instance  P 

In  favour  of  this  last  hypothesis  it  is  to  be  observed  that  it  is 
evidently  quite  unnecessary  to  suppose  isolation  of  the  beryl  really 
to  exist,  as  unnecessary  (and  indeed  obviously  more  so)  as  to  sup- 
pose, when  looking  at  a  map,  that  there  was  no  connexion  between 
the  patches  of  land  islanded  by  the  seas.  In  addition  to  which,  in 
consideration  of  the  evident  harmony  of  orientation  of  the  beryl 
molecules  throughout,  it  is  unthinkable.  As,  then,  continuity  of 
the  hexagonal  matrix  is  in  this  crystal  assured,  are  we  to  regard 
the  orthoclase  as  an  inclusion  merely — that  the  clustering  laminad 
and  veins  of  felspar  were  formed  progressively  with  the  beryl, 
although  no  crystallographic  relation  between  the  two  bodies  is 
visible,  or  to  be  expected — that  the  phenomenon  was  due  to  the 
compelling  power  or  hexagonal  virtue  of  the  beryl  ? 

Now  this  compelling  power  is  generally  effective  in  a  different 
way,  or  to  much  less  extent.  It  may,  indeed,  force  an  abnormal 
symmetry  in  a  very  partial  degree  on  a  body  crystallizing  in  juxta- 
position :  cases  of  this  are  known.  It  may  more  commonly  com- 
pel into  order  the  molecular  confusion  outside  the  parent  crystal : 
this  may  be  merely  growth,  or  it  may  give  rise  to  an  envelope  of 
smaller  crystals  of  the  same  species  as  the  parent  crystal.  It  may 
exert  itself  by  taking  up  a  cloud  of  fragments  already  formed,  and 
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giye  the  whole  nebula  a  symmetrical  shape  as  orystallization,  pro- 
gresses. This  is  symmetrical  inclusion.  The  inclusions  may  be 
mixed  throughout  the  crystal  in  such  abundance  as  to  relegate  tiie 
parent  orystcd  to  fiU  the  rdle  of  a  form-producing  paste  only ;  such 
indusions  might  form  from  the  magma  as  the  growth  of  the  parent 
arystal  progressed. 

But  such  of  these  phenomena  as  are  applicable  to  the  present 
case  would  surely  be  accompanied  by  confirmatory  optical  pheno- 
mena.  Will  they  again  serve  to  explain  the  simultaneous  stoppage 
of  growth  of  felspar  and  beryl  ? — those  large  patches  of  white  ortho- 
clase  visible  over  the  surface  of  the  hexagons,  but  perfectly  smooth 
and  flush  with  the  prism  faces.  How  did  the  hexagonal  virtue 
extend  its  influence  to  the  centre  of  those  areas  of  the  monoclinic 
mineral?  Within,  in  the  cavities,  the  felspar  crystals  suggest  an 
independent  growth — a  growth  independent  of  the  hexagonal  virtue 
of  their  matrix.  Had  the  hexagons  ceased  growing  at  that  stage, 
were  abruptly-produced  faces  out  of  all  relation  with  the  symmetry 
of  orthoclase — necessarily  so  as  the  laminate  crystals  are  oriented 
in  every  direction — to  be  expected?  Elsewhere  in  normal  beryl 
the  felspar  behaves  after  the  general  manner  of  inclusions — pro- 
jects its  solid  angles  out  of  the  beryl,  or,  if  the  beryl  be  sufficiently 
grown,  is  swallowed  up. 

The  distribution  of  the  orthoclase  in  converging  veins  might 
also  be  urged  against  the  intercrystaUization  hypothesis;  but  there 
is  a  more  direct  argument  forthcoming. 

It  appeared  that  if  the  alteration  hypothesis  was  correct,  and 
if  the  seat  of  the  attack  was  to  be  sought  for  at  the  junction  of 
the  prism  with  the  orthoclastic  matrix,  then,  in  this  region,  oon- 
firmatoiy  phenomena  or  the  reverse  might  be  expected.  The  con- 
tinuity of  prism  and  orthoclase  has  already  been  pointed  out.  It 
appeared  highly  probable,  on  the  alteration  hypothesis,  that  this 
junction  was  the  seat  of  the  reaction  in  the  first  instance.  Sub- 
jected to  the  influence  of  a  potash  felspar  in  a  state  of  hot  solu- 
tion, the  beiyl  was  assailed  and  replaced,  it  may  be  at  a  very  slow 
rate.  Such  replacement  may  have  been  of  the  nature  of  alteration 
merely,  the  berylium  probably  being  removed,  a  re-arrangement 
of  the  molecules  ocoorring,  and  the  crystalline  net  of  orthoclase 
replacing  the  original  symmetry. 

On  these  grounds,  however  vague,  I  had  a  section  cut  from  a 
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well-defined  hexagonal  prism,  close  to  its  junction  with  the  ortho- 
olase,  but  well  within  the  hexagon,  and  at  right  angles  to  the 
principal  axis  of  the  hexagon. 

In  this  section  the  phenomena  are  so  eloquent  as  to  set  the 
question  at  rest.  The  attack  is,  in  a  word,  seen  at  a  much  ad- 
vanced stage.  The  beryl  has  broken  down  completely.  Uni- 
formity of  extinction,  which  here,  if  normal,  should  be  persistent 
between  crossed  nicols,  is  no  longer  seen.  Here  and  there  hexa- 
gonal forms,  left  standing  by  the  invading  orthoclase,  remain  quite 
true  to  their  original  position,  though  veined  and  worn.  These 
behave  as  amorphous,  save  for  the  cross-hatch  marks.  Other 
hexagonal  outlines,  with  angles  projected  out  of  120°,  partially 
restore  illumination  as  they  are  rotated  between  the  crossed  nicols. 
In  short,  patches  of  beryl  are  found,  fallen  in  the  fight,  and  cut 
at  such  various  angles  with  the  optic  axis,  that  they  can  hardly 
be  differentiated  by  colour  or  extinction — on  the  one  hand  from 
beryl  cut  at  right  angles  to  that  axis,  and  on  the  other  from 
beryl  cut  along  that  axis. 

Fig.  2,  Plate  ii.  (x  18  diameters),  presents  a  remarkable  pic. 
ture  of  dismemberment  and  solution.  The  large,  broken,  and 
incomplete  hexagonal  outline  there  shown  was  on  the  alteration 
hypothesis  originally  a  homogeneous  portion  of  the  parent  crystal. 
It  is  now  girdled  round  with  felspar,  and  broken  up.  Its  cracks 
are  in  continuity  from  side  to  side.  It  was  even  attacked  and 
veined  by  a  primary  inroad  of  felspar  before  the  final  attack  eat 
out  a  path,  severing  the  primary  vein  and  parting  the  >ma88. 
Islands  of  beryl  left  standing,  or  borne  down  from  its  banks, 
mark  the  course  of  this  felspar  flood.  More  than  this,  so  com- 
plete has  the  final  solution  been,  and  so  simultaneous  all  round, 
that  movement  of  the  dismembered  hexagon  after  its  isolation  is 
apparent.  Thus  it  will  be  seen  that  the  edge  a  is  no  longer 
parallel  to  the  edge  d.  It  is,  in  fact,  according  to  measurement, 
about  14°  removed  from  parallelism.  This  measurement  was 
taken  on  the  photograph;  it  is  then  independent  of  the  readings 
of  the  angles  of  the  hexagon.  Placing  now  the  cross  wires  of  the 
microscope  along  the  edge  6,  and  along  the  edge  c,  an  angle  of 
132°,  about,  is  scaled  on  tiie  section.  This  is  fairly  concordant  with 
the  observation  made  on  the  photograph.  It  should  read  134°,  to 
agree  with  it.  There  is  then  evidence  of  movement  of  the  detached 
fragments  relatively  to  each  other. 
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It  will  be  noticed  in  this  section  that  tourmaline  is  present  in 
tnfts  and  dark  masses  encroaching  on  the  edge  b,  and  generally 
mixed  through  the  felspar.  Elsewhere  it  is  conspicuously  of 
secondary  origin  to  beryl,  and  my  crystal  penetrated  by  tour- 
maline, before-noticed,  is  explained  by  alteration  of  a  similar 
character  to  this. 

It  is  to  me  inconceiyable  that  this  jumble  of  fragments  of 
beryl,  with  molecular  orientation  in  every  direction,  scattered 
through  a  sea  of  felspar,  owes  its  external  hexagonal  form  to  the 
hexagonal  virtue  of  the  beryl.  If,  in  short,  the  beryl  was  not 
able  to  keep  itself  in  order,  how,  on  the  intercrystallization 
hypothesis,  was  it  able  to  shape  into  order,  against  their  normal 
molecular  tendencies,  the  molecules  of  felspar  P 

What  were  the  nature  and  circumstances  of  the  reaction  which 
led  to  this  alteration  or  substitution  P  Was  it  hydro-igneous  or 
simply  igneous  P 

It  seems  probable,  in  the  first  place,  that  intermixtures  like 
this  of  bodies  of  very  different  melting  points  is  most  readily  ex- 
plained by  hydro-igneous  formation  of  one  or  both  the  bodies. 
Thus  Daubrd,  by  attack  with  steam  at  400° 0.,  obtained  crystals 
of  quartz  and  pyroxene  imbedded  in  an  easily  fusible  matrix, 
derived  from  the  glass  tubes  employed. 

Other  argimients  for  low  temperature  origin  of  the  felspar 
exist.  Thus  we  find  a  beryl  moulded  round  by  felspar:  the  edges 
of  the  beryl  are  sharp  and  well  defined,  although  its  melting  point 
is  far  below  that  of  orthoclase. 

Again  we  find  the  beryl  coloured  yellow,  green,  or  blue,  but  it 
loses  aU  colour,  according  to  experiment,  at  350°  C,  after  an  hour's 
heating. 

There  is  internal  evidence  too.  Examined  with  high  powers 
the  sections  reveal  injiumerable  enclosures.  Some  glass,  but  some 
composed  of  liquid,  with  movable  gas  bubble.  These  are  plenti- 
ful, both  in  beryl  and  felspar.  In  places  they  range  in  veins  and 
strings,  resembling  fluxion  structure.  Tiny  crystals  (P)  accom- 
pany in  shoals.  With  inclined  microscope  the  gas  bubbles  may 
often  be  induced,  on  tapping  the  stage,  to  travel  from  end  to  end 
of  the  cavity. 

It  seems  piobable,  then,  that  the  change  experienced  by  these 
beryls  was  effected  at  low  temperature,  or  hydro-igneously.    The 
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pseudoniorphouB  nature  of  that  change  is  suffioiently  acoounted 
for  by  BuppoBing  the  reaction  as  engaging  with  the  beryl  only, 
not  with  the  tourmaline  matrix. 

In  speculating  on  the  circumstances  attendant  on,  and  which 
led  to,  the  reaction,  I  may  be  pardoned  perhaps  for  venturing  to 
suggest  a  theory  of  the  formation  of  beryl  and  tourmaline  through- 
out the  granite. 

The  remarkably  local  nature  of  the  distribution  of  the  beryl  in 
the  granite  is  well  known.  There  are  no  crystals  worth  mention- 
ing in  the  quarries  situated  close  above  those  in  which  this  abun- 
dance of  beryl  is  found.  Koohetown  Hill  is  mentioned  by  Weaver, 
writing  in  1819,  as  affording  beautiful  specimens.  I  searched  the 
quarries  recently.  The  mineral  is  worked  out.  I  found  but  one  small 
specimen.  In  a  similar  way  the  Killiney  quarries  have  ceased  to 
yield ;  they  are  now  represented  by  Kingstown  Pier,  where  speci- 
mens may  be  found  imbedded  in  the  blocks  used  in  its  construc- 
tion. At  Ballybetagh  a  mere  opening  on  the  surface  yielded  a 
group  of  crystals  contained  in  a  vein  of  porphyritic  granite,  which, 
pursued  further  down,  ceased  to  yield.  The  habitat  of  beryl  is  in 
short  the  pocket  or  the  vein,  and,  when  the  vein,  generally  close  to 
the  surface. 

In  all  these  respects  it  resembles  that  other  accidental  mineral 
of  the  granite,  tourmaline. 

Now  it  is  most  thinkable  to  suppose  the  rare  elements  glucinum 
and  boron  originally  diffused  more  or  less  uniformly  throughout 
the  region,  in  which  we  will  suppose  the  elements  of  granite  to 
be  in  a  state  of  slow  progressive  crystallization  in  presence  of 
water. 

As  cooling  and  solidification  advanced,  a  concentration  of  those 
elements  would  occur,  which  failed  to  take  part  in  the  molecular 
arrangements  going  on  throughout  the  magma,  and  pockets  of 
highly  concentrated  mother  liquor  would  be  formed. 

Many  of  these  pockets,  imprisoned  at  great  depths,  would  r^ 
tain  their  position  till  loss  of  heat  enabled,  first,  beiyl,  and  then 
tourmaline,  to  crystallize  out. 

Many  of  these  pockets  again,  as  solidification  advanced,  may 
be  conceived  as  pressed  out,  and  uniting  in  one  outfiow,  forcing 
their  way  to  the  surface  in  cracks  left  by  the  shrinking  rook; 
only  crystallizing  when  from  loss- of  pressure,  or  by  conductivity  to 
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the  upper  and  cooler  layers  of  rook,  ihej  have  attained  a  Buf- 
fieiently  low  temperature. 

In  these  veins  the  crystals  of  beiyl,  forming  in  deeper  and 
hotter  regions  than  the  tourmaline,  and  taking  toll  from  the  pass- 
ing waters,  grow  and  gather  in  bunches;  the  zone  of  solidification 
retreating  downwards  as  cooling  progresses.  Similarly,  tourmaline, 
forming  always  higher  in  the  vein  than  beryl,  but,  like  it,  ever 
forming  deeper  and  deeper  in  the  granite,  covers  up  finally  with 
a  schorliff erous  covering  the  beryl  already  deposited. 

These  beryl  and  schorl  veins  may  be  seen  in  perfection  at 
Grlencullen.  Sometimes  they  are  euritic  in  texture :  more  gene- 
rally porphyritic,  when  they  yield  beryl  and  schorl,  intermingled 
with  overgrown  crystals  of  felspar. 

If  it  is  allowable  to  reason  on  these  lines,  it  is  perhaps  sufficient 
to  seek  for  the  cause  of  the  alteration  experienced  by  the  beryls  in 
a  change  of  temperature,  it  may  be,  of  the  upwelling  waters,  where- 
by dissolution  and  replacement  of  the  beryl  was  brought  about;  or 
it  may  be  in  a  change  of  constituents — ^more  highly  alkaline  water. 
Or,  finally,  both  causes  may  have  operated. 

Those  other  changes — cavities  eaten  out,  chlorite  developed 
near  the  surface  of  the  crystals,  kaolinizing  of  orthoclase  and 
beryl — are  most  probably  changes  of  tertiary  formation.  It  is 
probable  that  water  action,  at  the  ordinary  temperature,  has 
effected  some  of  these  changes.  Thus  the  most  advanced  cases  of 
decomposition  have  been  taken  from  the  wettest  veins  in  the 
quarry.  I  have,  from  these  veins,  removed  hexagonal  shapes, 
which,  crushed  between  the  fingers,  crumbled  into  a  rusty-brown 
kaolin. 

Percentage  Composition  of  the  altered  Beryls. 

It  is  interesting  to  note  the  extent  to  which  replacement  by 
orthoclase  is  carried  in  some  cases.  This  may  be  investigated  in 
three  ways :  by  specific  gravities,  by  specific  heats,  and  by  chemical 
analysis. 

1.  The  specific  gravity  of  beryl  from  GlencuUen  was  found  to 
be  2-722  ;  the  specific  gravity  of  orthoclase  from  Glencullen,  2*510. 
The  specific  gravity  of  the  mixed  minerals  was,  in  the  specimen 
dealt  with,  2*625.     The  weight  of  this  specimen  was  50*400  grams. 
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Neglecting  the  influence  of  the  small  quantity  of  iolite  present, 
and  also  the  influence  of  the  chloritio  ndneral,  this  gives  a  percen- 
tage composition — 

Beryl,     .         .         .       54-4 

Orthoolase,      .         .       45*6 

2.  It  is  evident  from  the  figures  previously  given  that  the 
^edfic  heats  will  not  enable  a  direct  percentage  estimation  to  be 
made.  Thus  the  specific  heat  of  Glencullen  beryl  was  found  to  be 
0*2140 ;  of  the  mixed  crystal  (the  same  used  in  investigation  by 
specific  gravity),  0*2156 ;  while  the  following  results  were  obtained 
for  Glencullen  orthoclase  : — 

(a)       .        .        .      0-1982 
(i)       .         .        .      01976 

giving  a  mean  of  01979.  Hence,  a  specific  heat  lower,  and  not 
one  higher,  than  that  of  beryl  was  to  be  expected.  In  fact,  calcu- 
lating it  in  the  percentages  obtained  above  by  specific  gravity,  the 
specific  heat  of  such  a  mixture  would  be  about  0*207.  It  is  re- 
markable that  the  large  percentage  of  water  (1*4)  revealed  in  the 
analysis  of  this  specimen  will  just  account  ,for  the  discrepancy- 
Beryl  normally  contains  no  water,  and  this  orthoclase,  by  QtJ- 
braith's  analyses,  0*58  per  cent.  only.  Assuming  this  as  high  as 
0*3  per  cent,  of  the  whole,  an  abnormal  quantity  of  water,  equal  to 
over  one  per  cent.,  is  present.  Taking  it  as  low  as  one  per  cent., 
and  re-calculating,  the  theoretical  specific  heat  is  found  to  be 
0-2150. 

3.  According  to  microscopical  examination,  orthoclase  is  the  only 
mineral  present  which  is  known  to  contain  an  appreciable  amount 
of  potash.  Analysis  shows  that  there  is  5*11  per  cent,  of  K»0  in 
the  mixed  mineral,  the  same  specimen  being  used  that  had  served 
for  the  previous  investigations.  Now,  as  the  result  of  Prof. 
Galbraith's  seven  analyses,*  the  felspar  of  this  granite  contains 
12*2  per  cent,  of  potash.  On  these  data  we  find  orthoolase  42  per 
cent. 

If,  however,  we  calculate  the  percentage  of  beryl  by  the  per- 
centage of  BeO  given  below,  and  by  the  result  of  Mallet's  analysis 
of  Killiney  beryl  (he  obtained  13*09  per  cent  of  BeO — Dana),  so 

^  Journal  of  the  Oeolo^ical  Society  o/Irelandj  toI,  vi.,  p.  226. 
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much  as  74  per  oent.  of  beryl  is  obtained.  This  suggests  that 
onlj  a  small  quantity  of  the  oxide  was  removed  in  the  process  of 
alteration.  If  we  assume  58  per  oent.  of  beryl  pre^ent^  then,  on 
Mallet's  analysis,  759  per  cent,  of  BeO  is  to  be  expected,  leaving 
2-16  per  oent.  of  that  body  "free"  or  mixed  through  the  ortho- 
dase  to  the  extent  of  5  per  cent,  of  its  weight. 

It  is  alBO  open  for  us  to  assume  that  the  deficiency  from  the 
normal  peroentage  of  BeO  for  the  entire  mass  is  due  to  weathering 
only;  that,  in  short,  none  of  the  oxide  was  removed  by  the  primary 
alteration ;  but  that  the  subsequent  weathering  of  the  beryl  con- 
stituent into  kaolin  and  the  formation  of  a  chloritic  mineral  are 
alone  accountable.  On  this  hypothesis  the  orthoclase  would  con- 
tain about  13  per  cent,  of  BeO.  We  are,  indeed,  driven  to  suppose 
that  alteration  had  the  effect  of  reducing  the  percentage  of  BeO, 
at  all  events  in  some  degree;  for  the  examination  of  these  crystals 
goes  to  show  that  it  is  the  beryl  constituent  which  is  most  readily 
kaolinized  or  replaced  by  chlorite ;  and  the  analyses  of  kaolini^ed 
beryl  (Dana's  min.)  reveal  a  diminution  or  nearly  complete  re- 
moval of  glucina. 

The  question,  however,  obviously  cannot  be  discussed  on  the 
results  of  one  analysis  only. 

Analysis  of  altered  Beryl} 


Sp.  gr.,  2 


SiO, 

67-73 

AJ,0. 

2006 

re.0. 

4-56 

K,0 

511 

Na,0 

1-64 

BeO 

9-75 

MnO 

trace 

MgO 

trace 

CaO 

trace 

Ignition  (H,0) 

1-44 

100-29 

625. 


'  Made  with  Mr.  W.  Early's  kind  assistoncey  and  chiefly  under  hia  directions. 
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The  gluoinum,  along  with  some  of  the  iron,  was  separated  from 
the  alumina  by  carbonate  of  ammonia,  subsequently  precipitated 
by  ammonia,  and  weighed  as  the  oxide  along  with  some  iron,  whioh 
was  then  estimated  volumetrically. 

This  sample  of  mixed  beryl  and  orthoolase  may  then  be  consi- 
dered, with  little  doubt,  as  containing  some  42  per  cent,  of  the  latter 
mineral,  and  originally  some  58  per  cent,  of  beryl.  The  percentage 
composition  of  four  other  crystals,  all  showing  well-marked  hexa- 
gonal faces,  was  also  investigated  by  taking  specific  gravities. 

1.  White  homogeneous  crystal,  with  beryl  lustre.  Veiy  hard 
all  over  surface. 


Weight,  24-803. 

Sp. 

gr.,  2-69. 

Beryl, 
Orthodase, 

. 

86 
14. 

2. 

Same  appearance  as  1. 

Weight,  9-764. 

Sp. 

gr.,  2-67. 

Beryl, 
Orthodaee, 

• 

77 
23. 

3. 

Piebald 

crystal.    Heterogeneous 

appearanc 

Weight,  20-654. 

Sp. 

gr.,  2-59. 

Beryl, 
Orthodase, 

• 

39 
61. 

4.  Same  appearance  as  3. 

Weight,  21-152.    Sp.  gr.,  2.57. 

Beryl,         .         .       30 
Orthoclase,  .      70. 

These  computations  assume  the  speoifio  gravity  of  beryl  as 
2*722 ;  of  orthoclase  as  2*510.  It  is  to  be  remembered  that  other 
values  are  assignable,  but  that  these  seem  fairly  well  borne  out  by 
the  analysis. 
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Briefly  summiDg  up  the  results  of  these  various  observations, 
it  appears,  with  great  probability,  that  the  heterogeneous  crystals 
were  primarily  composed  entirely  of  beryl :  subjected  secondarily 
to  reaction  with  a  potash  felspar  in  a  state  of  hot  solution,  they 
were  partially  replaced,  and  that  to  very  different  degrees ;  that 
the  primal  seat  of  this  reaction  is,  in  general,  traceable  to  one 
region  of  the  crystal,  now  the  implanted  surface,  in  which  direction 
the  replacement  is  most  complete,  the  original  structure  of  the 
crystal  being  often  completely  broken  down ;  and  that  this  reac- 
tion, being  confined  between  beryl  and  felspar,  allowed  of  the 
hexagonal  form  being  preserved  within  the  schorlifferous  matrix, 
the  result  being  a  variable  mixture  of  felspar  and  beryl  pseudo- 
morphous  after  beryl.  The  felspar  so  mixed  with  the  beryl  is 
orthodase,  containing  a  mineral  in  general  foreign  to  Irish  rocks, 
iolite,  and,  further,  containing,  there  is  reason  to  believe,  glu- 
oina;  but  this  question  is  not  gone  into  in  the  present  Paper. 

Subsequently,  and  probably  as  the  effects  of  hydration,  the 
mixture  has  been  kaolinized  to  variable  extents ;  and,  as  a  tertiary 
alteration  also,  a  ohloritic  mineral  has  been  formed  through  the 
beryl. 

The  beryls  of  GlencuUen  often  radiate  in  beautiful  conical 
bunches,  with  a  completeness  and  regularity  not  noticed  in  de- 
scriptive mineralogy. 

These  are  often  of  delicate  green  and  yellow  hues ;  and  such, 
in  common  with  crystals  of  normal  habit,  lose  nearly  all  colour 
after  being  exposed  for  a  short  time  to  a  temperature  of  about 
350°  0. 

The  Iolite  of  Olencullen. 

I  HOW  turn  to  the  consideration  of  the  very  minute  crystals 
developed  through  the  felspar,  and  absent  from  those  portions  of 
the  sections  composed  of  beryl. 

The  crystals  appeared  in  two  types  : — a  wide  polygonal  form, 
often  with  twelve  edges,  extinguishing  along  two  edges  situated  at 
right  angles  to  each  other  on  the  polygon;  a  rectangular  elon- 
gated form,  extinguishing  most  generally  along  the  edges,  but 
often  at  variable  angles  with  the  edges.     Foliation  in  thin  plates 
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was  oommon  over  the  surface  of  the  polygonal  form :  cleavage  was 
generally  psurallel  to  the  ends  of  the  rectangle  in  the  rectangular 
forms. 

On  first  approaching  the  subject,  I  formed  the  hypothesis  that 
some  of  the  symmetrically  extinguishing  rectangular  forms  were 
beryl  cut  parallel  to  axis  of  prism.  The  absence  of  hexagonal 
sections  threw  doubts  on  that  hypothesis.  Some  of  the  other 
rectangular  forms  I  thought  were  orthoclase  developed  on  the 
zone  pU  (Levy).  Such  a  zone  shows  large  base,  rectangular, 
with  extinctions  parallel  to  sides ;  orthopinaooid  large,  with  extinc- 
tions parallel  to  sides ;  clinopinacoid  small,  with  extinctions  paral- 
lel to  sides  in  "orthose  non-deformk^^  at  5°  in  "orthose  deformkP 
But  this  zone  should  show,  when  cut  squarely,  the  axial  angle  of 
63®  33^  It  was  never  found  thus  in  the  sections.  The  colours 
of  polarization,  too,  were  not  those  of  orthoclase. 

It  was  evidently  possible,  also,  to  account  for  the  appearances 
by  supposiDg  the  crystals  orthorhombic,  in  which  case,  further, 
both  forms  might  be  supposed  to  be  different  views  of  one  and  the 
same  crystal. 

Now  the  angles  of  the  polygon  were  all  about  150®  when 
twelve-sided ;  and  in  eight-sided  figures,  not  uncommon,  one  set  of 
faces  produced  intersected  at  90°,  another  at  60°  and  120°.  To 
what  orthorhombic  mineral  were  such  angles  to  be  assigned  P  Not 
being  acquainted  with  any  such,  I  had  set  the  mineral  for  the  most 
part  down  as  ^^  doubtful,"  with  the  suggestion  that  some  of  the 
forms  might  be  orthoclase,  when  I  had  recourse  to  an  apparatus  I 
devised  about  this  time  for  investigating  the  melting  points  of 
small  fragments  of  minerals.  This  apparatus  is  briefly  described 
in  Nature  (vol.  xxxiii.,  p.  15),  where  I  call  it  a  "meldometer,"  or 
measurer  of  melting  points.  By  the  help  of  this  apparatus  I 
differentiated  them  from  every  substance  I  had  ever  suspected  as 
being  present.  I  must  explain,  however,  how  I  succeeded  in 
obtaining  the  crystals  isolated  and  free  of  the  matrix. 

I  mentioned  before  the  cavities  eaten  by  decomposition  in  the 
large  hexagonal  crystals  of  mixed  beryl  and  orthoclase.  These 
cavities  appeared  filled  in  part  with  a  rusty-brown  powder,  and  in 
part  with  a  frail  skeleton  of  hard  matter  (felspar)  clinging  to  the 
walls  or  loose  in  the  cavity.     On  removing  this  debris,  crushing 
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the  lumpy  parts,  washing  and  oleaning  in  boiling  hydrochlorio 
acid,  clear,  glassy  crystals,  of  extremely  small  size,  appeared 
in  countless  numbers  through  the  residue.  These,  mounted  in 
Canada  balsam,  proved  to  be  the  identical  crystals  visible  in  the 
sections — some  beautifully  sharp  and  clear,  some  partly  decomposed 
and  overspread  with  a  filiform,  branching  growth  of  olive-yellow 
colour.  Miorometric  measurements  gave  0*1  mm.  as  the  length  of 
the*  larger  specimens  showing  good  angles.  With  such  dimensions 
it  was  difficult  to  deal  with  them  singly. 

Again,  by  breaking  up  the  hexagons  and  crushing  the  felspa- 
thio  matrix  containing  these  crystals,  treating  carefully  with 
hydrofluoric  acid,  specimens  were  obtained  fairly  clean.  But  the 
first  source,  where  decomposition  had  removed  the  beryl  and  some 
of  the  orthoclase,  but  had  spared  the  small  sharp  crystals,  was  my 
great  source  of  supply.  In  these  hollows  slow-acting  decomposi- 
tion has  effected  a  fairly  perfect  isolation,  and  I  have  opened  cavi- 
ties from  which  the  tiny  crystals  could  be  poured  in  great  numbers, 
only  requiring  cleansing  from  their  rust-coloured  coating  to  be 
ready  for  the  microscope. 

The  slides  composed  of  these  crystals  present  a  spectacle  of  such 
perfection  of  form,  and,  in  the  polarisoope,  such  richness  of  colour, 
as  would  &r  surpass  any  power  of  description.  Feeling  this,  I  will, 
instead,  refer  the  imagination  of  my  reader  to  the  soft  crimsons, 
l^orples,  and  tender  blues  of  those  cloud  islands  and  vistas  seen  at 
sunset,  where  the  colour  is  not  the  dead  brightness  of  opaque 
reflection,  but  is  living  with  transmitted  light.  And  I  would 
rt^mind  him,  that  while  in  that  case  the  imagination  is  affected  by 
the  far-off  peace  of  those  regions  to  clothe  them  with  an  unreal 
richness  and  tenderness  of  tint,  these  children  of  the  rooks  are  not 
so  seen  with  the  eyes  of  dreamland.  I  will  ask  him,  then,  to  pic- 
ture a  precision  of  form  and  matchless  depth  of  colour  which,  to 
none  but  the  scientific  imagination,  are  as  breathless  objects  of 
adoration,  as  the  infinite  oceans  of  sunset. 

Having  obtained  the  mineral  thus  isolated  from  its  matrix,  it 
was  resolved  to  treat  some  of  the  little  crystals  on  the  meldometer 
along  with  orthoclase,  and  also  compare  their  behaviour  at  high 
temperatures  with  topaz,  quartz,  &c.  I  had  only  just  begun  to 
use  the  apparatus,  and  was  desirous  of  testing  its  value  as  a  means 
of  differentiation ;  for  although  no  determinations  of  melting  points 
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were  obtainable  to  render  numerical  results  of  value,  yet  the  com- 
parative  test  was  easily  applied,  and  would  probably  throw  some 
light  on  the  nature  of  the  mineral. 

Comparison  with  Orthoclase. — The  orthoolase  used  was  from 
Belleek,  and  also  from  Co.  Dublin ;  respectively  red  and  white  in 
colour—subtranslucent.  The  unknown  crystals  were  transparent 
and  colourless. 

The  orthoclase  fused  fii-st,  and  gathered  into  transparent  beads 
of  glass  containing  large  bubbles.  At  a  much  higher  temperature 
the  unknown  mineral  rounded  and  turned  milk-white  in  colour, 
developing  no  bubbles. 

The  experiment  was  more  than  once  repeated.  The  unknown 
mineral  had  evidently  a  much  higher  melting  point  than  orthoolase, 
and  its  behaviour  in  other  respects,  also,  differentiated  the  two 
substances  decisively. 

Comparison  with  Topaz, — Fragments  of  dear  topaz  and  the 
unknown  mineral.  Both  rounded  simultaneously,  and  both  turned 
milk-white.  The  topaz,  however,  emitted  a  gas  which  raised 
blisters  and  blue  bubbles  on  the  melting  surface  of  the  fragments. 
On  the  breaking  of  these  bubbles,  threads  of  glass  were  thrown 
about  the  hob,  and  the  gas  attacking  the  platinum  deposited  rings 
of  colour  around.  Probably  the  gas  contained  in  these  bubbles  is 
fluorine,  liberated  at  the  high  temperature  employed.  The  coloured 
rings,  fluoride  of  platinum.  No  such  phenomena  occurred  with 
the  unknown  mineral.     They  probably  contained  no  fluorine. 

Comparison  unth  Quartz, — Clear  rock  crystal  showed  a  much 
greater  resistance  to  the  temperature  of  the  bob,  only  fusing  at 
the  extreme  limit  of  endurance  of  the  platinum  itself. 

The  melting  point  of  the  unknown  mineral  was  therefore  fixed 
as  above  that  of  orthoclase,  and  below  that  of  quartz. 

These  results,  together  with  the  knowledge  of  its  angles  already 
gathered  from  the  microscope,  led  me  to  think  for  a  time  that  I 
might  be  dealing  with  a  new  species.  More  accurate  crystallo- 
graphic  measurements  were  desirable. 

By  manipulating  one  solitary  crystal,  obtaining  extinctions 
along  its  faces,  and  measuring  its  angles,  its  orthorhombio  charac* 
ter,  both  by  symmetry  and  elasticity,  was  determined  beyond  doubt. 

Its  specific  gravity  was  now  taken  by  Professor  Sollas'  method. 
It  was  found  to  be  2*58. 
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The  oharaoteiistios  ultimately  determined  are  recorded  in  the 
annexed  Table,  in  the  right-hand  column.  The  characteristics 
of  lolite,  the  Cordierite  of  the  French  school,  appear  in  the  left. 
Taken  collectiyely  the  evidence  is,  I  think,  irresistible  that  these 
small  crystals  are  iolite. 

Figu]:e  1  on  the  Table,  right-hand  column,  depicts  the  basal 
face  of  the  crystal.  It  shows  foliated  habit  and  twin-line,  or  trace 
of  composition  plane  J. 

The  angles  I  had  in  the  first  instance  determined  as  the  mean 
of  many  measurements  were  so  close  to  150°  each,  that  I  decided 
to  enter  them  as  such.  This  gives  nearly  the  same  values  as  Dana 
and  others  record:  J  a  lis  120°  and  60°,  and  the  secondary  face 
in  the  zone  ii  becomes  nearly  i  -  3. 

Extinction  is  along  i  -  i  and  i  -  I,  shown  by  the  arrow-head. 
The  face  t  -  ^  is  often  absent,  and  always  small.   Fractured  comers, 
as  in  fig.  1,  are  conmion.    The  cleavage  is  then  well  seen. 
Figure  2  is  elevation  of  zone  ii.     Extinction,  as  shown. 
Figure  3  is  section  on  i  -  t,  showing  cleavage. 
Figure  4  ia  end-elevation  of  zone  ii. 

Figure  6  is  section  on  i  -  i.     Cleavage  very  obscure,  or  absent. 
Figure  6  is  a  hemihedral  form  respecting  i  -3;  not  very  un- 
common. 

Looking  down  the  column,  I  need  only  observe  that  the  colour 
is  only  seen  when  a  large  number  of  crystals  are  superimposed,  as 
in  a  narrow  tefit-tube,  and  viewed  by  transmitted  light. 

The  hardness  was  only  very  approximately  determined  by  press- 
ing a  number  of  the  crystals  into  the  end  of  a  lead  wire,  and  then, 
using  the  wire  as  a  handle,  proceeding  as  usual. 

The  fimbility  was  determined  to  be  about  the  same  as  iolite 
by  comparison  with  an  authenticated  specimen  on  the  meldometer. 
It  is  perhaps  a  little  higher  than  that  of  the  specimen  used ;  nor 
did  the  known  iolite  whiten  to  any  great  extent.  The  loss  of 
transparency  experienced  by  iolite  on  fusing  is  however  well  known. 
Lime  is  generally  present  in  this  mineral :  its  absence  might 
account  for  exceptional  behaviour  in  this  respect. 

An  analysis,  made  with  Mr.  Early's  assistance,  is  added.  The 
material  for  this  was  obtained  as  follows : — The  powder  obtained 
from  the  hollows  in  the  hexagons  was  boiled  for  a  few  minutes 
in  strong  hydrochloric  acid,   and  thoroughly  washed  in  water: 
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separated  from  free  quartz,  orthoclase,  and  tourmaline,  by  Thoulet's 
specific  gravity  solution.  The  crystals  thus  obtained  were  freed  of 
large  mixed  fragments  and  very  fine  particles  by  descent  through 
a  long  column  of  still  water ; — a  method  described  by  me  elsewhere 
{Proc.  R.  D.  S,y  vol.  iv.,  p.  291).  The  large  rough  fragments  so 
removed  were  found  on  microscopic  examination  to  be  very  im- 
pure, the  medium-sized  crystals  fairly  pure,  the  fine  dust  very 
heterogeneous  and  impure.  A  few  of  the  larger  of  the  medium- 
sized  crystals  being  sorted  out  for  photographing  and  mounting,  the 
remainder,    weighing  about  two   decigrammes,   was  devoted  to 


The  percentages  obtained  in  the  analysis  hardly  approximate 
to  the  numbers  for  iolite  given  in  the  left-hand  colunm.  This  was 
to  be  expected  from  the  impurity  of  the  sample.  The  presence  of 
4  per  cent,  of  MgO  is,  however,  important,  as  there  was  probably 
no  source  of  impurity  present  capable  of  affording  an  appreciable 
weight  of  that  body.  I  think  it  highly  probable  that  glueina  may 
enter  into  the  composition  of  these  crystals,  replacing  the  magnesia, 
the  elements  Be  and  Mg  being  isomorphous.  G-lucina  was  not 
looked  for  in  the  analysis.  It  is  remarkable  that  these  crystals 
seem  present  only  in  orthoclase^  thus  intermixed  with  beryL  In 
other  sections  of  GlenouUen  orthoclase,  as  well  as  in  sections  of 
granite*  from  Co.  Cavan,  Co.  Mayo,  Newry,  Killiney,  Warrenpoint, 
and  from  the  Moume  Mountains,  I  could  detect  none  of  these 
crystals.  As  in  the  case  of  their  felspathic  matrix,  I  have  little 
doubt  of  the  correctness  of  my  diagnosis  of  the  mineral  species. 
Whether  perfectly  normal  in  chemical  composition  or  not,  can 
however  only  be  decided  by  further  and  more  careful  analysis. 

The  formula  to  be  deduced  from  the  analysis,  such  as  it  is,  is — 

10  SiO, .  2  (AlA .  FeO) .  MgO .  H.O, 

which,  be  it  observed,  affords  a  bisilicate  oxygen  ratio,  instead  of  a 
unisilicate  ratio. 

As  a  microscopical  mineral,  this  ioKte  will  be  recognized  by  its 
basal  angles  of  150°,  120°,  or  60° ;  its  generally  symmetrical  extinc- 
tion on  elongated  rectangular  sections,  and  the  transverse  cleavage 
on  such  sections.     The  foliation,  or  plating  on  0,  and  the  oblique 

1  Kindly  lent  by  Professor  Hull. 
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twining  line  parallel  to  J,  are  also  frequently  met  with.  Occa- 
sionally the  dyetala  occur  in  radiating  groups.  When  thus 
arranged,  it  will  be  found  that  the  basal  faces  have  a  sort  of 
symmetrical  arrangement,  being  all  oriented  into  planes  perpen- 
dicular to  the  plane  of  radiation,  so  that  it  is  seen  as  radiating  in 
rectangular  forms  only.  I  may  also  observe,  that  so  minute  are 
these  crystals  that  they  are  freely  contained  and  propped  into 
every  conceivable  position  within  the  small  thickness  of  the  section. 
This  fact,  coupled  with  the  simultaneous  focus  of  pinacoid,  or 
prism  faces,  on  opposite  sides  of  the  plane  of  synunetry,  renders 
necessary  considerable  caution  in  deciding  on  the  nature  of  the 
forms  in  the  field. 

The  angles  are  generally  sharp.  Enclosures  are  rare ;  generally 
glass.  Mutual  interpenetration  is  very  common.  They  present  all 
the  appearance  of  having  been  formed  antecedently  to  their  felspa- 
thic  matrix.  Colours  are  generaUy  exquisite,  but  they  will,  of 
ooursey  vary  with  the  thickness  of  the  section  in  the  field.  Pale- 
grey  forms  are  not  therefore  to  be  put  down  necessarily  as  felspar — 
they  are  not  uncommon.  The  dichroism  is  too  feeble,  seemingly, 
in  such  small  crystals  to  be  of  value  in  diagnosis.  Branching 
veins  of  a  translucent  greenish  decomposition  product  cover  the 
faces  in  some  cases.  lolite  is  known  in  many  decomposition 
forms. 

Figure  4,  plate  iii.,  is  a  photograph  showing  a  group  of  iolite 
crystals  sorted  from  those  prepared  for  analysis,  as  described.  They 
are  exceptionally  large  specimens.     Enlargement,  18  diameters. 

Kgure  3,  plate  iii.,  more  highly  magnified  (x  70  diameters), 
shows  iolite  in  situ,  A  polygonal  form,  slightly  turned  up,  so  as 
to  show  the  faces  i  -  i  and  I  conspicuously,  as  well  as  the  basal  face 
O,  oocnpies  the  centre  of  the  field.  The  other  forms  are  mostly 
rectangular,  parallel,  more  or  less,  to  the  face  i  -  I.  Some  of  these 
show  the  *  - 1  cleavage.  They  nearly  all  extinguish  longitudinally. 
The  chequered  appearance  of  the  felspar  is  displayed  over  the 
field. 


Digitized  by  LjOOQ IC 


[    72    ] 


EXPLANATION  OP  PLATES  H.,  m.,  and  IV. 

Plate  II. 

Figure  1. — Veins  of  Felspar  trayersing  Beryl.  Section  through  a  crystal 
of  altered  Beryl,  parallel  to  axis  of  hexagonal  prism. 
Light  polarized,     (x  18  diameters.) 

Figure  2. — Broken  down  Beryl.  Section  near  base  of  mixed  Beryl  and 
Orthoclase.    Light  polarized,     (x  18  diameters.) 

N.B. — As  the  letters  have  been  omitted,  the  edges 
referred  to  may  be  identified  thus : — ^lowest  left-hand 
edge  (about  one  centimetre  in  length)  is  the  edge  d ; 
the  adjoining  edges  c ;  the  uppermost  edge  broken  by 
the  fissure  is  b,  and  the  next  adjoining  edge  is  a. 

Plate  III. 

Figure  8. — lolite  in  sitUy  showing  markings  of  Orthoclase.  Section  in 
altered  Beryl. 

Figure  4. — Group  of  lolite  crystals  removed  from  cavities  in  mixed 
Beryl  and  Orthoclase.  Light  polarized,  (x  18  dia- 
meters.) 

N.B. — The  description  of  these  two  last  figures  has 
been  transposed  on  the  Plate. 

Plate  IV. 
Figure  5. — Radiating  Beryl  in  granite  matrix. 
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Vcbs  of  Fdtpsr  throogfa  BeryL    Secdon  ptnllcl  to  axis  of  iMsagonal  ptinu    Lif^  pobriied. 

(XlSdiameten.) 


Fig.   2. 


Broken  down  Beryl    Secdon  near  Imm  of  hexagonal  prism  of  mixed  Beryl  and  Orthodafle. 
Polarized  light.    1 X  18  diameten.) 


Photo.  ft«a  Natme^  Photo-Ftd.  by  FoasTBX  *  Co„  Ud.,  Dublin 
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Plate  III. 


Pig.  3. 


of  lolite  crysteb  removed  firom  caTities  in  mixed  Beryl  and  Orthodaie.    Light  Polarised. 
(XU  diameters.) 


Fig.  4. 


loUte  in  situ,  nhowlng  marking  of  Orthodate. 


PlMto-Ptd.  hf  FoKSTBft  *  CO.,  Ltd.,  Dublin 
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IX.--NOTE  ON  THE  ARTIFICIAL  DEPOSITION  OF  CRYSTALS 
OF  CALOITE  ON  SPICULES  OF  A  CALCI-SPONQE.  By 
PROFESSOR  SOLLAS,  D.  So. 

[Read,  June  15,  1885.] 

Some  aoerate  and  tiiradiate  spiouleB  of  a  oaloi-sponge,  after  haying 
been  left  to  stand  for  some  days  in  water  oontaining  an  excess  of 
calcium  carbonate,  were  found  to  have  beoome  inorusted  with  an 
abundant  crop  of  minute  crystals  of  oaloite.  The  exaot  form  of 
the  crystals  was  not  ascertained;  but,  as  on  rotation  between 
crossed  Nicols,  they  extinguished  simultaneously  with  the  spicules 
on  which  they  were  seated,  and  underwent  the  same  changes  in 
refraotiye  index,  we  may  conclude  that  the  optic  axes  of  the  cal- 
dte  forming  a  spicule,  and  the  crystals  inorusting  it,  are  similarly 
orientated. 

A  curious  feature  in  the  distribution  of  the  crystals  is  worth 
notice.  They  do  not  cover  the  whole  of  a  sagittal  triradiate,  but 
are  confined  to  opposite  sides  of  the  paired  rays  and  the  extremity 
of  the  impaired  ray;  an  aoerate,  is,  however,  often  covered  with 
them  for  its  whole  length,  but  usually  only  on  opposite  sides. 
Thus  the  crystals  are  deposited  only  on  those  regions  which  show 
the  greatest  liability  to  solution:^  thus  it  would  appear  that  the 
polarity  which  leads  to  solution  also  determines  deposition. 


*  Vide  SoUiu,  on  '*  Physical  Characters  of  Calcareous  Spicules/*  &c.,  Frw$$d\ng9 
S»9tUDuHin  SoeUty,  vol.  iv.,  N.  S.,  p.  385. 


■CDcr*  PKoc.,  U.O.8. — yoh,  v.  ti.  u. 
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X.— THE  DOUBLE  QUADRIFORM  LIGHTHOUSE  LAMP. 
By  PROFESSOE  W.  P.  BARRETT. 

[Read,  December  16,  1886.] 

It  may  be  of  interest  to  lay  before  the  Members  of  this  Section  of 
the  Boyal  Dublin  Society  some  observations  which  I  have  recently 
had  the  opportunity  of  making  upon  the  fog-penetrating  power  of 
the  new  system  of  lighthouse  illumination  devised  by  Mr.  J.  R. 
Wigham,  of  Dublin. 

As  Professor  Tyndall  has  remarked  in  a  recent  letter  to  The 
TimeSf  when  Mr.  Wigham  began  his  experiments  the  best  light- 
house lamp  in  general  use  was  the  four«wick  oil-lamp,  and  the 
augmented  illuminating  power  in  lighthouses  which  exists  at  the 
present  day  is  very  largely  due  to  the  competition  which  Mr. 
Wigham's  superior  light  has  called  forth.  As  is  well  known, 
Mr.  Wigham  is  the  inventor  of  gas  illumination  for  lighthouses^ 
and  the  adaptability  of  gas  for  this  purpose  has  enabled  him  to 
build  up  a  series  of  three,  four,  and  now  eight  lights,  with  their 
appropriate  lenses,  within  one  lighthouse.  The  high  temperatm^ 
within  the  lantern  produced  by  so  many  lights  has  not,  I  tmder- 
stand,  in  any  of  the  trials  made  in  Lreland,  been  found  to  be  dan- 
gerous to  the  lenses,  and  whilst  a  high  temperature  is  favourable 
to  the  illuminating  power  of  coal-gas,  it  would,  I  imagine,  be  fatal 
to  the  employment  of  mineral  oils  instead  of  gas.  The  latest  and 
most  powerful  arrangement  which  Mr.  Wigham  has  made  is  the 
so-called  Double  Quadriform  light  (figs.  1  and  2).  This  consists 
of  four  superposed  88-jet  gas-bumer&  (B.B.,  &c.)  placed  alongside 
of  four  similar  superposed  sets,  the  eight  lights  being  in  one  plane : 
parallel  to  this  plane,  and  at  the  proper  focal  distance,  are  placed 
eight  annular  lenses  on  one  side,  and  eight  similar  lenses  on  the  other 
side  of  the  gas-burners.  Over  each  of  the  burners  a  chimney  is  fixed; 
these  lead  into  a  central  flue,  G,  so  arranged  that  no  appreciable 
interference  with  the  light  is  produced.  The  recent  experiments 
made  at  South  Foreland  show  that  similar  superposed  lights  blend 
into  one  within  1500  feet  from  the  lighthouse ;  and  when  this  occurs 
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Fig.  1. 
Gbkbbju.  Yib^  ^  yv  Astasllivb. 


Fig.  2. 

Sbgtion  th&ouoh  Focal  Plans. 

Scale— i  inch  to  a  fioot. 
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a  beam  of  eight-fold  the  intensity  of  a  single  light  is  obtained 
from  the  Double  Quadriform.^  An  ingenious  oontrivanoe  allows 
the  whole  arrangement  to  be  rotated  without  disturbing  the  gas 
supply ;  thus  the  entire  horizon  oan  be  suooessively  illuminated  with 
a  beam  of  light  of  surpassing  power. 

The  Commissioners  of  Irish  Lights  have  for  some  months  past 
been  testing  this  new  Double  Quadriform  light,  which  they  have 
had  erected  in  an  experimental  house  at  Howth  Head,  some  100 
yards  distant  from  the  Bailey  lighthouse,  the  well-known  powerful 
first-order  light  at  the  entrance  to  Dublin  Bay.  The  Bailey,  it 
may  be  mentioned,  is  also  a  gas  lighthouse  that  can,  by  the  addition 
of  concentric  rings  of  burners,  be  rapidly  raised  when  fog  prevails 
from  28  to  48,  68,  88,  or  108  jets.  Alongside  the  Bailey  light  is  a 
powerful  siren  trumpet,  driven  by  a  gas-engine,  and  blown  by  com- 
pressed air  at  minute  intervals  during  heavy  fogs. 

It  so  happened  that  on  both  the  evenings  when  I  had  arranged 
to  observe  the  new  light  a  fog  had  settled  over  the  Bay  of  Dublin. 
My  position  of  observation  was  near  my  own  house  at  Monkstown, 
where,  in  clear  weather,  an  uninterrupted  view  over  the  bay  can  be 
obtained,  my  standpoint  being  distant  six  mileSj  as  the  crow  flies, 
from  the  experimental  lighthouse. 

Evening  of  November  18. — Owing  to  the  intervening  fog  no 
trace  of  the  Bailey  light  could  be  seen,  though  its  position  was 
well  known.  The  first  experiment  was  the  trial  [of  a  series  of  gas- 
jets  fed  with  "  albo-oarbon "  vapour  and  oxygen,  placed  in  the 
focus  of  a  first-order  annular  lens,  such  as  is  used  for  revolving 
lights.  Brilliant  as  was  the  light  so  produced,  it  was  completely 
cut  off  by  the  fog  before  it  reached  me,  though  the  beam  was  di- 
rected on  to  the  position  I  occupied.  With  a  large  opera  glass  I 
was  however  just  able  to  make  out  the  light,  and  saw  also  the 
Bailey  near  it,  as  a  fainter  speck  of  light.  Suddenly,  at  the  pre- 
arranged time,  a  clear  well-defined  pillar  of  light  sprung  into  view, 
easily  visible  to  the  naked  eyCy  and  appearing  as  a  large  distinct  light 
through  the  glass.  This  was  the  Double  Quadriform.  In  ten 
minutes,  as  had  been  arranged,  that  was  extinguished :  complete 
darkness  again  covered  the  horizon.     With  great  difficulty,  and 

*  Tho  South  Foreland  experiments  were  made  with  a  light  of  half  this  power. 
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only  by  the  aid  of  an  opera  glass,  the  Bailey  light  was  occasionally 
found. 

After  another  interval  the  Double  Quadriform  was  again 
lighted,  and  this  time  made  to  revolve.  As  before,  it  was  a  striking 
object  to  the  naked  eye,  arresting  the  attention  at  once,  and  the 
period  of  its  revolution  was  easily  noted  by  the  unaided  eye. 

Evening  of  November  23. — This  night  the  experiments  were 
repeated  under  stQl  more  crucial  conditions.    A  much  thicker  fog, 
with  drizzling  rain,  hid  all  lights  from  view  except  those  near  at 
hand.    Even  the  two  fine  lights  at  the  ^*  Poolbeg,''  one  of  them  a 
first-order  revolving  oil  light,  were  completely  obscured,  though 
these  lights  were  less  than  half  the  distance  of  the  experimental 
Ught.    The  Bailey  light  itself  was  entirely  cut  off,  and  could  not  be 
picked  up  even  with  a  powerful  glass.    It  was  then  burning,  as  I 
learnt  next  day,  its  maximum  light  of  108  jets.    Not  the  faintest 
trace  of  the  fog  siren  at  the  Bailey  could  be  heard,  though,  as  after- 
wards  ascertained,  it  was  sounding  with  its  full  power  during  these 
experiments.    Precisely  at  'the  time  appointed  for  the  lighting  up 
of  the  Double  Quadriform  a  sudden  glare  was  seen  on  the  horizon. 
With  the  opera  glass  the  shape  of  the  light  was  easily  defined,  but 
no  trace  of  the  adjacent  Bailey  light  could  be  found,  even  after  the 
most  careful  search  through  the  glass.  There  were  in  all  632  gas-jets 
burning,  and  as  these,  by  prearrangement,  were  raised  and  lowered, 
a  flashing  light  was  produced  readily  seen  by  the  naked  eye.    The 
double  triform  arrangement  was  next  tried :  this  could  be  seen 
faintly  with  the  naked  eye.    The  bif orm  was  now  tried,  but  this 
was  invisible  even  with  the  glass.    This  is  important  as  showing 
the  advantage  of  the  multiple  lights ;  for,  in  this  experiment,  the 
character  of  the  lights  and  lenses  were  the  same  as  the  double 
quadriform,  only  of  one-fourth  the  total  power.     The  double 
quadriform  was  again  put  on,  and,  as  before,  its  glare  was  at  once 
seen  and  its  position  determined  with  the  naked  eye,  the  exact 
quadrangular  shape  of  the  light  being  easily  made  out  with  the 
glass.    All  the  other  lights  remained  utterly  invisible,  even  with 
the  aid  of  a  good  glass  and  a  knowledge  of  their  exact  position. 

I  cannot  but  think  that  the  facts  here  recorded  are  worthy  of 
attention.  They  demonstrate  that  the  double  quadriform  arrests 
the  attention,  as  a  conspicuous  glare  to  the  naked  eye,  and  as 
a  dearly-defined  object  in  an  opera  glass,  through  a  fog  of  suf- 
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fioient  depthand  density  to  cut  off  a  first-olass  light  ahiniTig  through 
an  annular  lens  at  half  the  distance,  and  to  quench  the  sound  of  a 
fog-siren  adjacent  to  the  double  qTiadriform. 

It  would  have  been  important  to  have  made  a  comparatiye 
experiment  with  a  single  electric  light  of  similar  intensity,  having 
its  beam  concentrated  by  a  single  annular  lens.  There  were, 
however,  no  means  of  trying  this.  The  recent  elaborate  Board 
of  Trade  investigation  at  South  Foreland  led  the  eminent  men 
of  science  who  conducted  the  inquiry  to  the  conclusion  that  the 
electric  light  has  a  slightly  greater  penetrative  power  in  fog  than 
the  triform  oil  or  quadrif orm  gas-lamp  with  which  it  was  com- 
pared, the  two  latter  being  practically  equal,  light  for  light,  in  all 
conditions  of  weather.^ 

Nevertheless,  it  is  much  to  be  desired  that  some  representa- 
tives of  the  Trinity  Board,  or  of  the  Board  of  Trade,  should, 
whilst  the  double  quadrif  orm  is  in  its  present  position,  come  over 
to  Dublin,  and  in  foggy  weather  test  a  gas-light  twice  as  powerful 
as  any  they  have  yet  tried,  and  under  conditions  exactly  similar 
to  those  which  prevail  in  the  practical  use  of  the  light  at  sea. 

No  doubt,  the  cost  of  the  double  quadrif  orm  light  is  consider- 
able, both  as  regards  initial  expense  and  consumption  of  gas.  On 
the  other  hand,  it  must  be  borne  in  mind  that  a  powerful  light  of 
this  kind  is  only  intended  for  the  more  important  points  on  the 
Ooast,  and  it  is  only  under  exceptional  conditions  of  fog  that 
the  full  consumption  of  gas  need  be  resorted  to.  Moreover,  as 
Mr.  Howard  Qrubb,  F.E.S.  (who,  independently  of  myself ,  has 
recently  tested  this  new  light),  has  remarked  in  his  Eeport : — 
*^  Economic  considerations  fade  into  insignificance  before  the  one 
broad  fact  that,  when  occasion  does  require  a  powerful  light,  this 
arrangement  of  Mr.  'W'igham's  gives  the  power  of  producing  a 
revolving  light' unequalled  by  any  existing  arrangement." 

^  These  conclusions,  however,  seem  to  be  contradicted  by,  at  any  rate,  one  obseirer 
(p.  29  of  the  Report),  who,  after  comparing  the  lights  in  '<  drizzling  rain  and  dense 
fog,'*  remarks :  ''In  honesty,  I  award  B  [that  is,  the  quadiform  gas],  the  most  points, 
for  I  consider  it  the  best  light  from  first  to  last." 
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XI.-ON  A  GLOGG  ALMANACK  IN  THE  SCIENCE  AND  ART 
MUSEUM,  DUBLIN.  By  BENJAMIN  H.  MULLEN, 
B.A.,  Dub.    (Plate  V.) 

[Edad,  December  16, 1885.] 

For  many  jears  past  tins  Glogg  has  been  in  the  Mufleum,  and  my 
attention  was  first  drawn  to  it  by  Mr.  T.  H.  Longfield,  who  had 
seen  somewhat  similarly  carved  sticks  in  the  BritiBh  Museum 
exhibited  as  Norwegian.  This  account  has  been  prepared  and  the 
Clogg  figured  with  the  permission  of  the  Director  of  the  Science 
and  Art  Museum. 

It  is  made  of  oak,  and  in  length  is  1  ft.  8  in.,  while  its  breadth 
is  4i  inches.  It  is  in  shape  a  rude  and  long  oval,  flat,  and  from 
i  to  ^  in.  thick.  The  centre  portion  was  cut  away,  thus  leaving 
four  edges  (two  inside  and  two  out)  and  four  flat  surfaces.  Two 
holes  for  suspension  were  cut,  one  at  either  end ;  but  these  were 
made  in  a  gnarled  part  of  the  wood,  and  it  would  seem  that  at 
some  period  of  its  existence  it  was  broken  at  this  weakened  part,  and 
bound  together  again  with  two  fastenings  of  iron,  of  which  one  only 
remains.  At  one  end  there  is  some  carved  decoration.  This  is  a 
very  simple  design,  being  merely  a  line  cut  into  the  wood  at  a 
distance  of  about  a  quarter  of  an  inch  from  the  edge,  and  running 
parallel  to  it ;  having  at  each  side  of  it  notches  cut  in  a  triangular 
form;  while  in  the  middle  are  the  initials  '^  S.  E.''  Beyond  what 
I  mention,  there  is  no  ornamentation  whatever. 

Almanacks  of  wood  have,  I  gather,  being  used  from  time  im- 
memorial. 

Dr.  Bobert  Plot,  in  his  Natural  History  of  Staffordshire  (folio, 
1686),  speaks  of  ^^  An  ancient  sort  of  almanacks  they  call  cloggs, 
made  upon  square  sticks,  still  in  use  here  among  the  meaner  sort 
of  people,  which  I  cannot  but  think  must  be  some  remains  of  the 
Danish  Gbvemment,  finding  the  same  with  little  difference  to  have 
been  used  also  formerly  both  in  Sweden  and  Denmark,  which 
being  a  sort  of  antiquity  so  little  known  that  it  hath  scarce  been 
yet  heard  of  in  the  southern  parts  of  England,  and  imderstood 
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now  but  \)j  few  gentry  in  the  northern.*'  He  tells  us  that  "  there 
are  some  few  of  brass  .  .  .  but  the  most  of  them  of  wood,  and 
these  ohiefiy  of  box ;  others  there  are  of  fir,  and  some  of  oak,  but 
these  not  so  frequent  .  .  .  and  others  inscribed  in  a  hollow  bone. 
.  .  .  All  people,  no  question,  made  them  of  such  materials  as 
they  thought  fittest  for  their  purpose."  And  as  to  their  sizes,  he 
says  "  there  are  some  public,  of  a  larger  size,  which  hang  commonly 
here  at  one  end  of  the  mantletree  of  their  chimneys  for  the  use  of 
the  whole  family,  and  others  private,  of  a  smaller  size,  which  they 
carry  in  their  pockets."  He  gives  a  sketch  of  one  which  was 
^^in  use  in  his  native  country  of  Staffordshire"  at  the  time  he 
wrote. 

The  usual  form  was  that  of  a  razor-strop,  some  having  four 
equal  surfaces,  and  others  being  about  2  inches  wide  and  ^  inch 
thick.  The  fonner,  probably  a  later  form,  bore  the  marks  for  a 
quarter  of  the  year  on  each  surface ;  and  the  latter  had  the  days  of 
half  the  year  on  each  side.  Some  were  of  an  elaborate  description, 
showing  the  Moon's  Ohanges  and  the  Golden  Numbers;  but  few 
were  so  perfect.  They  were  first  made  centuries  before  the  inven- 
tion of  the  printing-press,  when  a  vast  majority  of  the  people  were 
unable  to  read,  and  were  probably  originally  employed  in  con- 
nexion with  the  churchmen,  to  whom,  in  early  times,  leaimog  was 
confined.  It  is  likely  that  one  was  kept  in  a  public  place  in  every 
parish  or  hundred ;  and  later,  one  might  be  found  in  every  house, 
suspended  by  a  cord  or  ring,  or  hung  on  a  nail  beside  the  fire-place 
in  the  hall  or  principal  room,  where  every  member  of  the  household 
might  use  it. 

The  days  were  marked  on  the  edges  by  notches ;  and  eveiy 
seventh  day  was  indicated  by  a  longer  notch ;  while  Holy  Days 
and  Saints'  Days  were  denoted  by  signs  (peculiar  to  the  occasion) 
on  the  fiat  surfaces,  proceeding  from  the  notches  in  the  edge. 

I  cannot  find  that  cloggs  similar  in  outline  to  that  in  the 
Museum  were  usual.  A  cursory  glance  at  it  would  lead  one  to 
imagine  that  it  is  of  some  antiquity.  In  the  fibrst  place,  its  shape 
is  very  inconvenient  for  handling.  The  squared  staff  with  a 
handle  is  much  less  so ;  and  I  merely  follow  the  laws  of  development 
in  assuming  that  the  improved  form  is  of  a  date  posterior  to  the 
other.  And  again  (what  much  more  surely  goes  to  prove  the  local 
earliness  of  this  class  of  clogg)  the  symbols  which  represent  the 
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Saints'  Days  and  Festivals  are  not  numerous,  nor  are  the  daily 
notoheB  always  correct.  A  reasonable  way  to  account  for  this  is 
that  when  it  was  made  such  almanacks  were  not  in  very  general 
use,  and  the  signs  to  denote  the  different  saints  not  being  hitherto 
necessary  were,  with  a  few  exceptions,  unknown — at  all  events  in 
the  locality  in  which  this  clogg  was  made. 

The  four  edges  are  notched  evenly  and  cleanly,  and  evidently 
with  a  sharp  instrument,  for  in  all  cases  the  notches  are  made  by 
two  oblique  incisions.  The  Sunday  notches  are  carried  round  to 
one  surface,  and  the  signs  to  the  other. 

Before  I  go  seriatim  through  the  principal  days,  I  wish  to  say 
that  in  identifying  the  Saints'  Days  I  have  received  much  valuable 
aasistanoe  from  a  Paper  by  Mr.  John  Harland,  F.S.A.,  published 
in  1866  in  The  Antiquary, 

The  Almanack  does  not  begin  with  Ist  January,  but  with  14th 
April,  which  was  reckoned  as  the  commencement  of  Summer. 

The  carving  and  initials  I  mentioned  are  here,  and  this  alone 
would  lead  one  to  imagine  that  it  is  here  the  reading  of  the  clogg 
begins.  And  from  the  position  of  the  letters  ^^  S.  E."  this  carved 
end  jnust  be  the  top.  Each  quarter  reads  downwards ;  the  first, 
from  l4th  April  (PI.  y.  fig.  1),  goes  down  the  left  half  for  thirteen 
weeks ;  then,  turning  the  stick  (fig.  2),  it  continues  on  the  same  half 
'now  at  the  right  hand)  from  14th  July  for  another  quarter ;  cross- 
ing to  the  other  half  it  goes  (always  reading  downwards)  from 
14th  October  for  the  third  quarter;  and,  again  turning  (fig.  1), 
the  fourth  quarter  is  read  from  14th  January. 

Beginning  with  April  IJf^  I  find  a  tree,  Yalerianus;  April  16 j 
St.  Magnus,  sign,  probably  some  implement  for  loosening  the  soil, 
to  signify  the  commencement  of  tilling ;  April  25^  St.  Mark,  an 
unknown  sign^shaped  like  a  bottle ;  May  I,  SS.  Philip  and  James, 
a  cross,  one  arm  wanting  ;  May  3y  Invention  of  the  Cross,  a  cross ; 
May  IJi-j  an  unknown  sign,  perhaps  some  local  festival  or  family 
c  jmmemoration ;  May  15,  St.  Hallvard,  a  cross ;  May  18,  a  scythe  : 
the  first  hay  crop  would  be  about  this  time;  June  10,  Eve  of 
St.  Barnabas,  a  cross;  June  17,  St.  Botolph,  a  cross;  June  2U, 
St.  John  the  Baptist,  a  cross;  June  29,  St.  Peter,  a  sign,  pro- 
bably meant  to  represent  a  key  (Janitor) ;  Jidy  2,  Visitation  of 
the  Virgin,  a  three-branched  candlestick ;  July  8,  a  ^^  T"  or  rake. 
ThijB  is  the  last  sign  in  the  first  quarter ;  but  there  is  one  day  too 
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many  which,  if  it  ooour  before  the  8thj  would  bring  the  "  T  "  to 
the  7tJh  the  Translation  of  St.  Thomas  k  Becket;  or,  oocurring 
after,  the  sign  would  mark  St.  Sunniva  [July  8\  a  great  holiday. 

Turning  the  clogg,  I  find  on  July  lU  an  unknown  sign,  the 
middle  of  the  summer-half ;  July  80y  St.  Margaret,  a  cross ;  July 
22 f  St.  Mary  Magdalene,  a  cross  leaning  to  one  side,  perhaps  to 
show  its  position  when  being  borne  by  our  Saviour ;  July  S5,  St. 
John  the  Apostle,  an  imfinished  sign,  the  previous  one  being  in 
the  way;  July  29,  St.  Olaf  (Danish  King  and  Saint),  an  axe; 
August  5,  the  day  on  which  his  body  was  found,  a  smaller  axe ; 
August  10,  St.  Lawrence,  a  gridiron,  signifying  the  manner  of  his 
death ;  August  15,  Assumption  of  Mary,  a  three-branched  oandle- 
stick;  August  2U^  St.  Bartholomew,  a  sign  shaped  Uke  a  knife;. 
September  1,  St.  Giles,  a  cross;  September  8,  Nativity  of  the 
Virgin,  an  unknown  sign ;  September  IJf,  Exaltation  of  the  Cross, 
an  unknown  sign;  September  29y  St.  Michael  the  Archangel,  a 
peculiar  sign  like  a  vane  or  rude  balance :  this  day  is  not  far  past 
the  Equinox ;  October  U,  St.  Francis,  a  simple  cross.  October  13th 
ends  this  quarter. 

Crossing  over  to  the  top  of  the  other  half,  October  Ik^  St.  Oal- 
listus,  a  fir-tree;  October  21^  11,000  Virgins,  a  cross;  October  28, 
SS.  Simon  and  Jude,  a  cross;  November  1,  All  Saints  Day,  a  three- 
branched  candlestick ;  November  11,  St.  Martin,  a  cross,  with  a  second 
on  one  arm ;  November  18,  a,  rude  cross  or  sword ;  November  23,  St. 
Clement,  a  cross ;  November  25,  St.  Catherine,  a  cross ;  November 
SO,  St.  Andrew,  a  cross ;  December  i,  St.  Barbara,  a  sign  of  un- 
finished appearance,  probably  on  account  of  the  close  proximity  of 
the  next ;  December  6,  St.  Nicholas,  a  cross ;  December  8,  Concep- 
tion of  the  Virgin,  a  cross;  December  IS,  St.  Lucy,  a  cross; 
December  21,  St.  Thomas,  a  long  line,  possibly  meant  for  a  spear ; 
December  25,  Christmas  Day,  a  circle  with  radiating  points,  very 
likely  to  represent  the  guiding  star;  January  1,  Circtmicision,  a 
circle  with  a  line  running  through  it;  January  6,  Epiphany,  a 
cross;  January  11,  St.  Brictiva,  a  cross;  Januat^  IS,  St.  Hilary, 
twenty  days  after  Christmas,  an  unknown  sign,  similar  in  form  to 
that  on  July  14,  and  probably  marks  mid-winter,  as  the  latter  did 
mid-summer.  This  ends  the  third  quarter,  and  turning  the  clogg 
I  come  to  the  last. 

Here  is  one  mark  too  many.    January  17,  St.  Anthony,  a 
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erofls ;  January  SO^  St.  Sebastian,  a  cross ;  January  85,  Conversion 
of  St.  Paul,  a  cross;  February  2,  Purification  of  the  Virgin,  a 
cross ;  February  5,  St.  Blaise,  a  very  rude  cross ;  February  2Ify  St. 
Matthias,  a  cross;  March  12,  Annunciation  of  Mary,  an  erect 
cross,  with  a  "St.  Andrew's  cross"  superimposed,  forming  thus 
eight  arms.  This  is  the  last  sign  or  symbol  on  the  almanack.  I 
have  gone  through  them  all ;  but  coimting  the  days  to  the  end  of 
this  quarter  I  find  three  too  many,  that  is  five  altogether.  These 
are  evidently  some  of  the  original  markings ;  but  the  outside  edge 
at  one  end  bears,  besides  these,  forty-three  additional  notches.  These 
seem  to  be  much  more  recent  than  the  others,  and  to  have  been 
made  by  a  different  hand,  and  are  neither  as  deep  nor  so  carefully 
cut  as  they.  I  imagine  that  some  individual  found  the  stick  (per- 
haps a  century  or  two  ago),  and,  supposing  it  to  be  an  ornament 
for  waU-decoration,  thought  he  would  complete  the  carving  left 
unfinished  by  the  former  whittler,  and  so  continued  the  notches 
along  the  edge.  The  date  "  31st  July,  1778,"  and  some  letters,  of 
whidi  part  of  an  "  H  "  and  "  en  "  are  plainly  seen,  were  scratched, 
as  with  a  needle,  on  one  end.  But  this,  I  should  say,  is  of  com- 
paratively recent  execution. 

Now  with  regard  to  the  manner  of  using  this  almanack.  Every 
ordinary  year  ends  on  the  same  day  of  the  week  which  commenced 
it,  and  so  the  next  year  must  begin  with  the  following  day  (or, 
after  Leap  Year,  with  the  second  day  following) ;  and  it  would 
seon  that  it  was  a  matter  of  memory  with  the  owners  to  move  back 
one  or  more  days  of  the  week — the  long  notches  being  sufficient  to 
remind  them  that  every  seventh  day  must  be  set  apart  for  worship. 
For  instance,  this  clogg  begins  with  a  Sunday  notch— a  long  one. 
Next  year  this  must  mark  Monday ;  so  the  user  would  merely  have 
to  remember  during  that  year  that  each  notch  really  signifies  the 
next  day  of  the  week ;  or,  in  other  words,  the  series  of  names  of 
the  seven  days,  fifty-two  times  repeated,  is  moved  b€U)k  one  notch. 
And  so,  for  Leap  Year,  two  notches.  Thus  the  notches  represent 
the  days  of  the  year,  one  in  every  seven  being  devoted  to  divine 
worship,  to  intimate  which  it  \&  marked  with  a  longer  notch.  So 
it  is  not  strictly  correct,  however  convenient,  to  speak  of  the  long 
marks  as  *^  Sunday  notches." 

Speaking  of  the  symbols  on  the  very  complete  ^'  Staffordshire 
dogg,"  Dr.  Plot  says  they  ^'  all  carry  with  them  a  rational  impor- 
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tanoe,  some  of  them  pointing  out  the  offices  or  endowments  of  the 
.  Saints ;  others  their  martyrdoms ;  and  others  some  eminent  action 
or  other  matter  some  way  relating  to  the  Saint ;  or  else  the  work 
or  sport  in  fashion  about  the  time  when  the  feast  is  kept." 

From  this  extract,  and  the  above  description  of  the  dogg  in 
the  Museum,  it  will  be  seen  that,  owing  to  the  frequent  use  of 
the  cross  and  the  fewness  of  symbols  peculiar  to  certain  saints, 
either  (1)  these  signs  were  unknown  to  the  maker,  or  that  (2)  he 
was  too  indolent  to  make  them.  But  I  think  that  the  carved  deco- 
ration at  the  commencement,  the  careful  manner  in  which  the 
original  notches,  crosses,  and  other  signs  are  cut,  would  completely 
overthrow  the  latter  assumption. 

Thus  it  would  seem  that  it  was  made  very  many  years  ago ;  or, 
at  all  events,  if  so  lately  as  the  17th  century,  in  some  remote  dis- 
trict which  had  but  little  communication  with  any  centre  of  infor- 
mation. 

Some  of  the  symbols  are  similar  to  the  Gothic  Characters 
(Dominical  Letters)  engraved  upon  the  Danish  rimstocks  and  Nor- 
wegian primstaves  {vide  Plot's  Nat.  Hist.  Staf,  folio,  1686,  p.  421, 
&c.),  but  do  not  seem  to  occur  with  any  regularity. 

Vide  also  Stephen's  Old  Northern  Runic  Monuments  of  Scandi- 
noma  and  England.    London  and  Copenhagen,  1866-7.     Vol.  ii. 
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XII.— NOTES  ON  SOME  RECENT  DISCOVERIES  OF  INTE- 
REST IN  THE  GEOLOGY  OF  THE  PUNJAB  SALT 
RANGE.    By  A.  B.  WYNNE,  F.G.S.,  F.R.G.S.I. 

[Read,  February  17,  1886.] 

Having  written  several  Reports  and  Papers  upon  the  Geology  of 
the  Salt  Bcuigey  I  may  be  excused  from  any  lengthened  discussion 
of  the  subject  now ;  but  it  is  necessary  here— at  the  distance  of 
some  5000  to  6000  miles  from  that  region — to  allude  briefly  to  the 
position  of  the  Range^  and  to  some  of  its  general  features  in  order 
that  the  points  I  have  to  notice  may  be  better  understood. 

G^ographioallyy  the  Salt  Range  is  somewhat  peculiarly  situated, 
subtending  an  angle  formed  by  the  meeting  of  two  great  moun- 
tain systemsy  the  Himalaya  on  one  side,  and  the  Suliman  Range, 
associated  with  the  mountains  of  Afghanistan  and  Beluchistan, 
upon  the  other. 

From  the  thrust,  apparently,  communicated  by  these  ponder- 
ous mountain  masses  the  Salt  Range  seems  to  have  been  distorted 
along  its  general  line  of  direction,  as  if  forced  to  adapt  itself  to 
narrower  limits  than  its  full  extent  would  occupy.  It  presents  a 
grand  facade  of  bold  escarpments  towards  the  plains  and  desert  to 
the  south,  rising  above  these  generally  some  2000  feet,  with  a  cul- 
minating elevation  at  Sak^sir  Peak  of  more  than  5000  feet.  From 
a  northerly  aspect,  the  whole  range  and  its  plateaux  form,  rela- 
tively speaking,  a  much  less  lofty  feature,  bordering  the  steppe-like 
upland,  undulating  country,  called  the  Potwar,  or  Rawul  Pindi 
District,  which  rises  say  1600  to  1700  feet  above  the  sea. 

Eliminating  the  numerous  fractured  or  more  complete  curva* 
tures  of  its  strata,  the  Salt  Range  may  be  regarded  as  presenting, 
otherwise,  a  generally  uniclinal  or  semi-anticlinal  structure,  the 
outcrops  in  most  cases  being  presented  to  the  south,  and  the  whole 
series  of  which  it  is  formed  taking  ground  so  as  to  pass  beneath 
the  Potwar,  northwards. 

Amongst  its  many  interesting  features,  it  may  be  noticed 
that  the    Salt  Range    is   both  geologically  and    economically 
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important — ^geologically,  because  it  is  one  of  the  only  instances 
within  the  great  realm  of  India  affording  the  opportunity  of 
studying  the  structure  of  more,  very  much  more,  than  the  mere 
surface  deposits  overspreading  the  border  lands  which  intervene 
between  the  almost  totally  distinct  areas  of  the  ancient  peninsular 
Indian  formations,  and  the,  geologically  speaking,  as  a  rule,  more 
modem  systems,  of  which  the  Himalayan  and  Suliman  mountains 
are  composed.  In  these  two  great  regions,  even  though  certain 
contemporaneous  formations  may  exist,  the  representative  groups 
belonging  to  each  are  found  to  possess  most  marked  dissimilarity 
of  character. 

Economically,  the  Salt  Range  is  important  by  reason  of  the 
inexhaustible  mineral  wealth  represented  in  its  enormous  deposits 
of  rock-salt.  Extending  through  a  distance  of  130  miles,  with  a 
known  thickness  in  parts  of  550  feet,  these  deposits  have  de- 
manded the  construction  of  a  special  railway,  and  the  bridging  of 
a  great  river,  the  Jhelum  (or  Hydaspes  of  the  Ancients),  to  facili- 
tate the  transport  of  the  salt,  while  the  latest  information  at  my 
command  showed  the  (then  increasing)  annual  salt  revenue,  to 
equal  £382,653  sterling,  although  but  a  few  of  the  mines  known 
were  being  worked  by  Q-ovemment,  and  the  railway  I  have  alluded 
to  was  not  in  existence. 

One  strikingly-pronounced  peculiarity  of  the  geological  sections 
displayed  by  the  whole  range  is,  that  the  series,  as  found  in  the 
centre  and  at  either  end,  differ  all  three  as  to  their  oom- 
prehensiveness ;  groups  present  in  the  east  die  out  to  the  west, 
while  others  come  into  those  sections,  notably  the  Carboniferous 
and  Ceratite-beds,  and  at  times  some  portions,  like  the  typical 
Olive-beds,  disappear  both  to  the  east  and  to  the  westward.  The 
whole  arrangement,  though  accompanied  by  some  considerable 
evidence  of  overlap,  shows  a  continuous  tranquillity  of  deposition 
and  succession,  without  intervening  violent  disturbance  of  any 
kind,  between  two  constant  horizons,  that  of  the  salt  marl  below, 
and  that  of  the  Tertiary  formation  at  the  top  of  the  series — ^that 
is  to  say,  from  a  period  not  newer  than  Silurian  (according  to  com- 
petent Palaeontologists)  through  all  the  eeons  of  Palaeozoic,  Meso- 
zoic,  and  Kainozoic  time,  up  to  the  date  of  the  Miocene  or  later 
disturbances  to  which  the  Salt  Bange,  as  well  as  the  Himalaya 
and  Suliman  mountains,  mainly  owe  their  origin. 
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One  may  well  pause  before  acoepting  as  real  this  apparent 
tranquillity  of  saooession  throughout  so  vast  a  range  of  geological 
chronology,  but  nevertheless  the  signs  of  a  contrary  state  of  things, 
80  far  as  the  Salt  Range  is  itself  concerned  (and  despite  it  being  now 
an  active  earthquake  region),  if  present  at  all,  are  so  slight  and  so 
obscure  as  to  evade  the  recognition  of  all  but  the  most  visionary  of 
observers. 

With  regard  to  the  Salt  Bange  series  generally,  after  mature 
deliberation  on  the  evidence  as  it  stood,  and  after  frequently  ex- 
pressed concurrence,  from  its  palseontological  aspect,  on  the  part  of 
Dr.  Waagen  when  in  consultation,  it  has  been  found  to  contain 
groups  or  divisions  reckoned  from  above  downwards,  synchronous 
with  the  five  newest  principal  divisions  of  the  general  geological 
scale.  The  Lias  was  not  recognized,  but  the  presence  of  a  Per- 
mian horizon,  at  first  included  in  our  Carboniferous  group,  was 
subsequently  recorded  by  Dr.  Waagen  [Pal.  Ind.^  ser.  xiii.,  Pro- 
ductus  Limestone  Group,  1879,  etc.).^ 

This  carboniferous  or  Productus  Limestone,  &c.,  is  largely 
developed  in  westerly  localities.  Beneath  it  there  are  two  azoic, 
or  as  yet  unfossiliferous  groups  of  uncertain  age,  but  below  them 
comes  the  Silurian  or  Obolus  zone,  the  age  of  which  was  long 
since  determined  by  the  late  Drs.  Oldham  and  Stoliezka  from  the 
Obolus  or  Siphanotreta  which  I  had  found  in  it.'  This  zone  rests 
upon  a  thick  mass  of  purple  sandstones  (dying  out  to  the  west), 
which  overlies  the  lowest  and  oldest  group  of  all,  the  bright-scarlet 

^  In  this  publicatioD,  smce  our  joint  determinations  were  reached,  Dr.  Waagen  has 
in  seyeral  cases  cast  doubts  upon  these  results,  always  avoiding  any  allusion  to  his 
own  share  therein.  In  his  most  recent  Paper,  Beeords  Qeol.  Sur.  Ind,^  vol.  zix.  pt.  1, 
1886,  p.  22,  leceiTed  since  most  of  the  present  communication  was  written,  the  same 
hahit  stiU  seems  to  cling  to  him,  as  where,  at  p.  33,  he  relegates  the  Salt-pseudomoiph 
zone,  for  which  a  Triassic  age  was  indicated,  at  his  own  suggestion,  to  the  Falseozoic 
period  as  not  greatly  different  from  older  Carboniferous. 

This  "Carboniferous  group,"  as  originally  undivided,  is  remarkable  for  having 
sffiorded  the  earliest  known  Ammoniiey  and  the  very  peculiar  Brachiopoda,  Lyttonia  and 
Oldhamina  (Waagen),  these  or  allied  forms  being  only  found  in  two  or  three  other  distant 
eastern  localities — one  in  China,  another  in  the  Ural,  and  again  in  the  Alpine  Bhstic. 
The  Oldhamina  had  previously  been  described,  apparently  from  a  single  specimen,  as  a 
BeUerophon  by  de  Eoninck,  whilst  the  interiorly-ribbed  valves  of  Lyttottia  had  been 
mistaken  for  fish-teeth.  Specimens  of  the  fossils  were  laid  before  the  meeting,  and 
afterwards  presented  to  the  Museum,  Trinity  College,  Dublin.  (See  Pal.  Jtid.  ser.  ziii.. 
Salt  Bange  Fossils  i.,  Productus  Limestone  Fossils  rv.  (fas.  2),  391  et  seq.) 
Sec  my  Beport  on  Salt  Bange,  Mem.  6.  S.  Ind.,  vol.  xiv.  pp.  95,  221. 
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and  crimson,  gypseouB,  Salt-bearing  marl.  In  their  regular  natural 
order,  the  newest  uppermost,  these  groups  have  been  classified 
thus : — 


ril.  Siwalik  and  older,    . 
Eainozoic-j 

[lO.  Eocene,  Nummulitic, 


Sandstones  and  clays. 


Mesozoio  - 


9.  Cretaceous, 


FalaBOzoic- 


Ghiefly  limestone,  with  coaly 
beds  at  the  very  base. 

Olive  and  other  sandstones, 
and  boulder  beds. 

8.  Jurassic, Variegated  sandstones    and 

shales. 

7.  Triassic, Bed  flags,  greenish  shales, 

&c. 
6.  Carboniferous  (and  Per-    Limestones  chiefly,  contain- 
mian  of  Waagen),  .     .        ing  the  oldest  known  Am- 
monite, 
5.  Speckled  Sandstones,    .     Sandstones,  shales,  clays. 

4.  Magnesian  Sandstone,  .    Pale  or  whitish  sandstones. 

8.  Silurian, Dark,  clunchy,  sandy  shale. 

2.  Purple  Sandstone,    .     .     Sandstone,  earthy  below. 

1.  Salt  Marl, Bed  gypseous  marl  and  salt. 


Premising  that  this  list  is  compounded  from  various  sections  of 
the  whole  range,  it  will  be  observed  that  it  includes  no  established 
representative  of  the  Devonian  or  Old  Bed  Sandstone  period. 

Having  thus  briefly  acquainted  ourselves  with  some  general 
features  of  the  range,  we  may  turn  attention  to  the  recent  very 
interesting  discovery  of  several  determinable  fossils  by  H.  K. 
Warth,  Ph.D.,  in  a  thin  layer  of  conglomerate  occupying  a  posi- 
tion near  the  top  of  the  boulder-beds  in  the  lower  part  of  group 
No.  9  of  the  foregoing  list,  and  of  others  at  the  base  of  the  over- 
lying group  No.  10. 

The  locality  which  has  furnished  the  fossils  is  in  the  eafitem 
port  of  the  range,  about  a  place  called  Pid,  at  some  distanoe  north 
and  north-west  from  the  principal  salt  mines,  named  the  Mayo 
Mines  (after  our  distinguished  fellow-countryman,  Lord  Mayo, 
whose  brilliant  career  as  Viceroy  of  India  was  brought  to  a  melan- 
choly close  by  his  assassination  at  the  Andaman  Islands). 

Many  years  ago  Dr.  Oldham  found  fossils  just  beneath  the 


Digitized  by  LjOOQ IC 


Wynne — Notes  on  the  Oeology  of  the  Punjab  Salt  Range.     89 

ooal  crops  at  the  base  of  the  Nummulitio  limestone  hereabouts,  but 
the  credit  of  this  disooyery  of  the  organic  remains,  at  the  lower  level 
just  above  the  local  boulder- beds,  belongs  entirely  to  Dr.  Warth, 
who  has  lived  ere  this,  for  years,  in  the  salt  range,  as  superinten- 
dent of  the  salt  mines  and  Salt  Bevenue  Collector,  and  who  has 
lately  been  employed  there  by  Government  under  the  Board  of 
Works,  to  conduct  explorations  and  boring  operations  along  the 
irregular,  but  laterally  extensive,  coal  deposits.  Being  familiar 
with  the  local  geology,  notices  of  which  have  largely  entered  into 
his  reports  on  the  mineral  ground ;  my  friend  Dr.  Warth  was  most 
competent  to  search  the  country  in  even  greater  detail  than  my 
own  opportunities  afforded  means  of  doing,  at  any  one  particular 
place ;  and  in  this  instance  he  has  been  most  successful. 

The  ^sections  of  the  range  in  and  about  this  region  eidiibit  the 
following  succession  of  beds : — 

11.  Tertiary  sandstone. 

10.  Nummulitic  limestone,  with  the  coal  beds^  in  a  shaly  zone  at 
its  base. 
'  a.  Pale  or  light-coloured,  and  reddish  sandstone. 

9.  6.  Dark  shales  and  olive  sandstones  with  boulder-beds  con- 
stituting the  *'  Olive  series"  or  group. 
These  boulder-beds  of  g.  b.  resemble  those  of  the  Talchir  group 
of  Central  India,  according  to  the  descriptions  given  and  abo 
verbal  communication -from  Mr.  W.  Theobald.  (I  have  not 
seen  the  Talchir  boulder-beds  myself.)  They  occur  generally 
in  the  lower  part  of  the  Olive  group,  and  they  include  a 
variety  of  rounded  and  sometimes  glaciated  metamorphic 
rocks,  the  glaciation  of  which  was  first  noticed  by  Mr.  Theo- 
bald. 

7.  Bed  flags  usually  covered  by  a  mass  of  red  clays,  the  flaggy  beds, 
characterised  by  their  surfaces  being  often  thickly  covered 
with  pseudo-morphic  casts  of  cubical  salt  crystals.  The  beds 
have  been  doubtfully  considered  Triassic  in  my  report,  at  the 
suggestion  of  Dr.  Waagen. 

4.  Pale  magnesian,  and  silicious  sandstone,  and  some  shales — 
beds  often  ripple-marked,  generally  quite  unfossiliferous  or 
obscurely  facoidal. 


'  Specimen  exhibited  of  a  superior  sample. 

fcClRW.  FHOC,  li.D.8.  VOL.  V.  PT.  U. 
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8.  Obelus  band— dark,  clunchy ,  micaceous  shales,  with  small  Obolm 

or  Siphotiotreta, 
2.  Purple  sandstones  of  several  hundred  feet  thickness. 
1.  Salt  marl,  with  salt  beds  and  much  gypsum. 

Except  the  groups  Nos.  3,  10,  and  11,  of  this  list,  most  of  the 
series  has  proved  hitherto  unfossiliferous,  but  in  disturbed  portions  of 
the  group  No.  9,  presumed  to  be  Cretaceous,  I  found  a  few  lanceo- 
late leaves  and  obscure  shells,  and  in  No.  4,  some  sharks'  and  other 
teeth.  It  is  in  the  upper  portion  of  the  (presumed)  Cretaceous  zone, 
with  its  glaciated  boulders,  and  also  in  the  basal  portion  of  the 
almost  inunediately  succeeding  early  Eocene  or  perhaps  partly  Creta- 
ceous group,  that  Dr.  Warth's  recent  discoveries  of  fossils  have 
been  made.  He  writes  that  at,  and  below,  the  outcrop  of  the 
coal  he  found  more  than  one  carapace  of  fossil  turtles  three-feet 
in  length,  accompanied  by  Belemnites,  and  fish  teeth,  all  in  the 
same  band,  probably  latest  Cretaceous  or  of  earliest  Eocene  age. 
He  has  sent  me  none  of  the  Chelonian  remains,  but  specimens  of 
the  Belemnites  and  fish  teeth,  include,  according  to  his  own  label- 
tickets,  jCaiww^i  sp.,  Otodvs  B^.ySemip)i8tis  sp.,  and  Capidotus  sp.  At  a 
lower  horizon,  but  near  the  last,  he  found,  in  the  Olive  series,  a  thin 
band  of  conglomerate  absolutely  continuous  for  several  miles,  many 
of  the  pebbles  in  which  enclose  small  Conularta^^  and  a  few  other 
shells.  They  occur  also  in  the  matrix  in  a  rolled  state,  for  one 
specimen,  to  which  Dr.  Warth  calls  special  attention,  is  palpably 
an  abraded,  rolled  Conularia,  itself  a  pebble  of  the  bed,  taken  from 
the  matrix  in  this  state — according  to  its  label.* 

1  Specimens  exhibited,  and  presented  with  the  othen  to  Museum,  T.  C.  D. 

*  Dr.  "Waagen  in  his  Paper  ("Note  on  some  Palaezoic  Fossils,  recently  coUected  by 
Dr.  H.  Warth  in  the  Olive  group  of  the  Salt  Range."— J2«corrf»  O.  S.  Ittd.,  xix.  p.  22, 
just  to  hand)  does  not  agree  in  this  statement  of  the  case.  He  asserts  the  pebbles  to  be 
concretions  and  the  beds  to  contain  the  fossils  in  »itu.  I  have  other  eyidence  that  he 
spoke  of  these  pebbles  as  concretions  in  October,  1886.  His  Paper  had  not  reached  me 
when  I  wrote  the  passage  describing  the  mode  of  occurrence  of  the  fossils,  and  my 
statement  was  made,  both  on  the  authority  of  Dr.  Warth,  who  is  perfectly  competent 
to  distinguish  pebbles  from  concretions,  whether  in,  or  away  from,  the  bed  that  bad 
enclosed  them ;  and  also  from  several  examinations  of  specimens  of  these  pebbles  which 
I  had  received  from  Dr.  Warth.  They  are  of  fine,  grayish  or  brownish  non-calcaieous 
sandstone,  of  even  homogeneous  texture,  well-rounded  and  worn,  the  surfaces  cutting 
across  the  enclosed  fossils,  and  they  present  no  trace  of  any  internal  concretionary 
structure.  Even  if  they  have  once  been  possibly  nodules,  they  now  bear  the  entire 
aspect  of  worn  transported  pebbles. 
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The  genus  Conularia  (aocording  to  Nicholson)  ranges  from 
Older  Pakeozoio  up  to  Liassic,  but  those  found  by  Dr.  Warth  haye 
been  at  various  dates  attributed  by  Dr.  Waagen  to  different  Palaeo- 
^io  periods.  In  March,  1885,  he  considered  them  probably  Silu- 
rian ;  *  in  October  he  called  them  Devonian,'  and  early  in  the 
preflent  year  (1886)  he  most  strongly  asserts  them  to  be  of  Carboni- 
ferous age.'  The  several  fossils  of  this  thin  conglomerate  layer,  as 
foand  by  Dr.  Warth,  have  been  determined  .by  Dr.  Waagen  as 
follows: — Conularia  Icevigatay  Morris;  Conularia  tenuietriata^  M*Coy ; 
Conularia^  cf .  irregularis^  Kon. ;  Bucania^  cf .  Kuttaensis^  Waagen ; 
Nuculdy  sp.  indet. ;  Atamodesma  (?)  warthi,  Waagen,  n.  sp. ;  Avi- 
culopecteny  of.  limcBformis^  Morris;  Discina^  sp.  indet.;  Serpulites 
Korthiy  Waagen,  n.  sp. ;  Serpulites  tuba^  Waagen,  n.  sp.  All  of 
these  except  the  Bucania  are  figured  in  Dr.  Waagen's  plate,  accom- 
panying his  Paper.* 

The  question  remains,  whence  came  these  f  ossilif  erous  pebbles 
which  do  not  seem  to  have  been  transported  for  any  very  great 
distance?  Their  material  recalls  nothing  with  which  I  could 
absolutely  identify  them  from  memory  in  the  older  groups  of  the 
Salt  Bange,  their  pale  colour  only — if  even  this  is  an  original 
characteristic— might  be  more  suggestive  of  their  connexion  with  the 
Magnesian  Sandstone  (in  which  I  could,  however,  detect  no  fossils) 

Writmg  about  them,  from  their  Tory  locality,  Pid,  under  date  December,  1S86, 
Dr.  Warth  says,  '<  From  Choah-Saidun-Shah  to  Maokrach,  I  have  found  the  thin  con. 
gUnerate  bank  with  the  pebbles  which  enclose  Conularia,  and  two  or  three  other  ahella, 
aliaolutely  tmintenrupted  in  the  '  Olive  series '  (upper  portion).  I  send  you  a  single 
Cmukria  (No.  16)  which  was  found  in  a  rounded-oif  state  in  the  conglomerate.  It  is 
endent  that  the  Qmularia  have  not  become  fossilB  on  the  spot,  but  have  been  brought 
from  a  distant  mountain  as  pebbles."  The  label  of  this  specimen,  No.  16,  states,  in 
Dr.  Wartli's  writing,  that  he  took  it  "in  its  present  state  from  the  face  of  the  bed." 

No  peraon  who  inspects  this  rolled  speeimen  can  for  a  moment  doubt  the  accuracy  of 
Dr.  Warth'a  deeexiption  or  the  deriTed  character  of  itself  and  the  other  fossiliferous 
pebUss.  Dr.  Waagen's  account  of  them,  for  which  indeed  he  advances  no  valid  reasons, 
anst  thersfq^  be  received  with  caution  or  rejected,  and  with  it  abnost  the  whole  of  his 
speculative  deductiona  regarding  the  pebbles  themselves,  the  layer  whieh  contaisa  them, 
the  "  glacial  boulder  beds  "  of  the  Bange,  and  his  elaborate  PalsDontological  views  of 
the  paheoMic  and  mesozoic  geology  of  the  eastern  hemisphere  and  other  regiooB. 

'  Seeords  OeoL  8oe.  Ind.,  vol.  xix.  pt.  i.  p.  1. 

'  lis.  Correspondence,  London,  October  9,  1885.  ' 

'  Seeards  cit.,  vol.  six.  p.  29. 

*  Sseards  cit.,  p.  26,  etc.,  which  reached  me  only  in  time  to  add  the  list  of  spedee 
given  in  the  Press. 
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than  any  other  of  these  older  sub-divifiions,  but  there  is  still  the 
difficulty  that  a  fossiliferous  conglomerate  band,  having  an  extent 
of  several  miles,  would  indicate  the  existence  of  the  parent  beds 
within  measurable  distance,  while  none  of  the  layers  of  the  Mag- 
nesian  Sandstone  group  have  given  encouragement  hitherto  towards 
a  hope  that  fossils  would  ultimately  be  found  in  them. 

If  we  turn,  unwillingly,  from  the  possibility  that  the  fossils  were 
derived  from  this  source,  and  look  for  another  outside  the  Range 
itself,  I  know  of  no  rocks  in  the  outer  Himalayan  region  to  the 
northwards  and  north-east,  more  likely  to  have  furnished  the 
pebbles,  and  to  the  southward  the  flat  alluvial  plains  and  desert 
stretching  away  towards  Sind  are  unbroken  except  by  a  small 
group  of  hills  on  the  Chenab  Biver,  called  the  Korana  Hills, 
separated  by  some  forty  miles  from  the  Salt  Bange.  I  have  seen 
these  only  from  the  range  itself,  but  Dr.  Fleming  has  described 
their  rooks  in  a  Paper  to  the  Asiatic  Society  of  Bengal  (vol.  xxii., 
new  series,  1853),  as  dark,  '^  coarse-brown  ferruginous  quartzose 
sandstone,  alternating  with  beds  of  a  greenish  quaitzite,  whioh  in 
many  places  passes  into  silicious  clayslate,"  the  sandstone  being 
traversed  by  numerous  quartz  veins  containing  masses  of  hematite. 

Another  observer,  my  former  colleague,  Mr.  Theobald  [JL  As, 
Soc.f  Bengal  J  vol.  xxiii.  p.  674),  describes  the  rocks  of  these  hills 
as  deeply  ripple-marked  slate — the  slaty  structure  feebly  developed, 
gray  in  colour,  stained  red  and  yellowish,  weathering  to  a  deep- 
burnished  brown,  &c.  The  whole  of  these  characters  stamp  the 
rooks  as  widely  different  from  any  of  the  Salt  Bange  groups :  this 
of  itself  may  favour  the  supposition  that  they  formed  the  basal 
portion  of  a  series,  some  part  of  which  may  have  existed  as  the  land 
from  whence  the  Gonularia-pebbles  were  derived. 

I  have  elsewhere  mentioned  the  occurrence  at  more  than  one 
widely  separated  Salt  Bange  horizon^  of    conglomeratic  zones 

^  My  view  as  to  the  difference  of  horizonfl  at  whioh  these  botdder-beds  occur  is  not 
accepted  in  Dr,  Waagen's  recent  Paper  in  the  Indian  Beoords  previously  referred  to. 
He  regards  the  whole  of  these  boulder-beds  as  glacial,  and  as  occurring  upon  one 
horizon  (p.  34).  Stratigraphic  conclusions  are  only  geologically  valuable  when  based 
upon  carefully  observed  and  compared  facts  and  observations.  My  conclusions  are  the 
results  of  such  examinations,  and  Dr.  Waagen  has  advanced  nothing  which  leads  me  to 
abandon  them,  while,  I  regret  to  say,  the  more  I  consider  the  matter  the  less  reason  I 
see  far  adopting  his  views  to  the  contrary,  these  being  directly  at  variance  with  strati- 
graphical  facts. 
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haying  usuallj  a  soft  matrix  and  intensely  hard  metamorphio 
pebbles  and  boulders.  They  are  found  just  at  the  upper  surface  of 
the  salt  marl  in  the  west  part  of  the  range,  and  at  one  or  two  other 
stages  before  being  again  largly  developed  in  the  lower  part  of  the 
Olive  group,  which  contains  the  Conularia-layer,  apparently  at  a 
slightly  higher  horizon.  There  is  no  known  source  for  any  of  the 
various  metaphoric  rocks  to  be  found  in  these  boulder-beds,  includ- 
ing a  red  granite  which  would  be  easily  recognized  either  among 
the  Himalayan  or  Afghan  mountains,  if  it  existed  in  any  force,  so 
that  here  again  an  old  metamorphic  region,  lying  to  the  southward, 
suggests  itself  as  forming  land  at  various  periods  during  the  long 
record  of  the  Salt  Bange  rooks.  Whether  this  may  have  formed, 
or  not,  a  portion  of  the  lost  continent,  Lemuria,  supposed  to  have 
at  one  time  united  Africa  with  India,  it  is  not  for  me  to  say ;  but 
failing  the  future  discovery  of  similar  forms  or  others  of  similar 
age  in  the  hitherto  azoic  beds  of  the  older  portion  of  the  Salt  Bange 
series,  I  am  disposed  to  think  these  pebbles  must  have  come  from 
lands  and  rocks  long  since  buried  beneath  the  country  southwards 
of  the  Salt  Bange,  now  occupied  by  the  arid  plains  and  deserts 
which  lie  in  this  direction. 


Digitized  by  LjOOQ IC 


[    94    ] 


Xm.— ON  THE  DIFFERENT  VARIETIES  OF  IRISH  PAVING- 
SETTS.  By  PROFESSOR  EDWARD  HULL,  LL.D., 
F.R.S.,  Director  of  the  Geological  Soryey  of  Ireland. 

[RMid,  February  17, 1886.] 

Thb  Boyal  Dublin  Society  ieems  the  most  suitable  plaoe  for  the 
difloUBsion  of  all  questions  oonneoted  with  the  industrial  products 
of  Ireland,  amongst  which  may  be  reckoned  paying-stones. 

The  production  of  paving-stones  (or  paving-setts,  as  they  are 
generally  called)  is  oomparatively  recent  in  Jjeland,  as  tiiis 
country  has  for  a  long  time  been  dependent  on  imported  stone, 
particularly  from  North  Wales,  notwithstanding  that  there  are 
equally  good  sources  of  supply  in  various  parts  of  Ireland  itself. 
The  iUscredit  of  depending  on  a  foreign  supply  for  a  material 
which  is  abundant  at  home  is  happily  being  removed ;  and  it  is 
not  improbable  that,  ere  long,  the  course  of  this  trade  will  be 
reversed ;  and  that,  instead  of  being  a  large  importer,  Ireland  will 
become  a  large  exporter  of  this  useful  commodity ;  in  fact,  I  may 
say  that  the  current  has  already  changed. 

In  considering  the  question  of  the  utilization  of  paving-setfas, 
we  have  first  to  consider  their  qualities;  next,  the  varieties  of 
mineral  composition  and  mode  of  formation;  and,  lastly,  the 
sources  of  supply ;  which,  as  far  as  this  Paper  is  concerned,  wiU 
be  specially  restricted  to  those  now  existing  in  Ireland. 

I.  Qualities  requisite  for  Paving-setts. — The  qualities  requisite 
for  paving-setts  may  be  described  under  three  heads : — 

[a)  XTniformity  of  texture  and  oomposition,  which  we  may 

call  ^^homogeneousnees"; 
{b)  Toughness;  and 
[c)  Eoughness  of  surface. 

A  few  observations  may  be  made  upon  each  of  these  heads : — 

{a)  Uniformiiy  of  Texture  and  Composition, — This  is  an  essen- 
tial quality  in  paving-setts,  as  it  will  be  evident,  on  reflection, 
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that  should  the  stone  be  wanting  in  homogeneoufinesB  it  wonld  be 
liable  to  break  down  under  traffic,  the  softer  portions  giving  way 
before  the  harder,  and  thus  causing  the  blocks  to  collapse.  It  will 
be  found  that  all  the  rooks  used  for  the  production  of  setts  possess 
this  quality,  though  differing  from  each  other  in  other  respects. 

(6)  Toughness. — ^I  prefer  the  term  to  hardness^  inasmuch  as 
many  very  hard  rooks — such  as  flint,  chert,  and  quarbsite,  are 
deficient  in  toughness ;  and  are,  consequently,  liable  to  oraok,  and 
spUnter  upon  percussion.  Such  rooks  are  therefore  unfitted  as 
materials  for  paving-setts,  which  ought  to  be  capable  of  with- 
standing  the  percussion  caused  by  the  sudden  shock  of  the  wheels 
of  heavily-laden  vehicles  passing  over  their  surfaces,  not  to  speak 
of  those  caused  by  the  iron-shod  feet  of  dray-horses. 

(c)  Roughness  of  Surface. — This  is  a  quality  not  less  valuable 
than  that  of  toughness,  and  the  best  varieties  of  paving-setts  are 
those  which  combine  these  three  qualifications.  It  has  been  found 
by  experience  that  some  of  the  harder  kind  of  paving-setts  are 
liable,  after  some  wear  and  tear,  to  have  the  surfaces  worn  smooth, 
and  actually  to  become  polished. .  In  this  state  they  become  dan- 
gerous for  street  traffic;  and,  notwithstanding  their  durability, 
they  are  held  in  less  favour  in  the  large  manufacturing  towns  of 
the  North  of  England  than  was  formerly  the  case;  and  other 
kinds  of  stone,  though  somewhat  softer  and  less  durable,  are 
preferred,  in  consequence  of  their  ability  to  maintain  a  rough 
sorfaoe. 

II.  Varieties  of  Stones  for  Paving-setts. — I  now  pass  on  to  con- 
sider briefly  the  varieties  of  stone  suitable  for  the  manufacture  of 
paving-setts,  and  therefore  combining  in  a  greater  or  less  degree 
the  qualities  previously  enumerated.  They  may  be  considered 
under  three  heads: — 

(a)  Those  of  sedimentary  origin,  such  as  grits  and  sand- 
stones. 

(6)  Those  of  igneous  origin,  of  a  granitoid  character; 
including  quartz-porphyries. 

(c)  Those  also  of  igneous  origin,  but  belonging  to  the 
variety  commonly  known  as  "whinstone";  in- 
cluding basalt,  dolerite,  diorite,  and  felstone. 
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{a)  ChriU  and  SafidstoneB.—ThQ  formation  which  yields  this 
olasB  of  paying-setts  in  greatest  quantity  is  the  carboniferous ;  and 
beds  belonging  to  the  millstone  grit  division  in  Lancashire  and 
Yorkshire  are  largely  worked  for  paving-setts.  This  rock,  owing 
to  its  granular  structure,  is  probably  the  softest  of  all  the  varieties 
of  stone  capable  of  being  used  for  paving  purposes ;  still,  it  is  vezy 
largely  used  in  the  streets  and  roads  of  the  North  of  England  for 
pavements ;  and  is  found,  when  properly  selected,  to  answer  well 
where  the  traffic  is  not  excessively  heavy.  Gritstones  have  the 
useful  quality  of  preserving  a  rough  surface ;  and  can  be  set  quite 
dose,  side  by  side.  As  far  as]  I  am  aware,  there  are  no  paving- 
setts  made  from  the  carboniferous  rocks  of  Ireland,  though  I  have 
no  doubt  some  of  the  beds  of  grit  of  this  formation  in  the  counties 
of  Sligo,  Fermanagh,  Leitrim,  Donegal,  &c.,  are  capable  of  pro- 
ducing them.  In  Belgium  the  gritstones  of  the  Upper  Devonian 
formation,  known  as  the  "Psammite  du  Condroz,"  are  very 
largely  used  for  paving  the  streets  of  the  manufacturing  and 
other  towns. 

(6)  Granitoid  Varieties. — This  group  includes  not  only  granites, 
but  quartz-felstones  and  porphyries ;  in  which  the  oonstituents  are 
quartz,  felspar,  with  mica  or  hornblende  as  accessories.  These 
components  are,  more  or  less,  in  a  crystalline  condition,  and  have 
solidified  from  a  state  of  igneous  fusion.  In  consequence  of  this^ 
the  mineral  constituents  are  firmly  bound  one  to  the  other,  and  a 
condition  of  '' toughness"  is  imparted  to  the  mass  favourable  to 
its  use  for  paving-stones.  The  presence  of  mica,  if  in  large  flakes, 
would  prove  a  source  of  weakness,  in  consequence  of  its  want  of 
cohesion  with  the  other  minerals ;  but  when  in  minute  flakes,  this 
mineral,  by  its  disintegration,  enables  the  stone  to  preserve  a  con- 
stantly rough  surface. 

Paving-setts  belonging  to  this  group  are  worked  at  Bessbrook, 
Goragh  Wood,  and  Castlewellan,  in  Ireland;  and  at  Mount 
Sorrell,  in  Leicestershire. 

(c)  Whinstones. — ^The  stones  belonging  to  this  third  division 
differ  from  those  already  described  in  texture  and  composition. 
They  consist  of  crystalline  aggregates  of  felspar  and  augite,  or 
felspar  and  hornblende,  together  with  magnetic  iron-ore  dis- 
seminated in  minute  grains,  and  with  occasionally  other  minerals, 
such  as  olivine,  and  chlorite,  in  small  quantities.     The  presence  of 
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iron  gives  to  these  rooks  a  higher  speoifio  gravity  than  those  of  the 
granitoid  class,  in  which  iron  is  either  absent  or  occurs  in  exceed- 
ingly small  proportions.  Thus,  while  the  average  specific  gravity 
of  granitoid  rocks  may  be  taken  at  2*65,  that  of  the  whinstones 
may  be  taken  at  3*0;  so  that,  in  the  case  of  a  contract  for 
purchase  by  weight,  the  granitoid  rocks  are  in  favour  of  the 
puzohaser. 

The  rocks  of  the  **  whinstone  "  class  are  generally  exceedingly 
tough,  and  setts  taken  from  them  are  capable  of  withstanding  the 
heaviest  traffic ;  but  their  chief  defect  is  the  tendency  to  wear  into 
smooth  surfaces  and  become  slippery.  Being  essentially  compact 
in  structure,  the  component  minerals  are  incapable  of  individually 
disintegrating,  and  thus  preserving  a  rough  exterior  where  subjected 
to  wear  and  tear.  This  is  the  case,  at  least,  with  regard  to  the 
finer  and  denser  varieties ;  and  it  is  therefore  important,  in  select- 
ing a  stone  of  this  class  for  paving  purposes,  to  see  that  it  is 
largely  crystalline-granular,  as  such  varieties  will  be  less  liable  to 
wear  smooth. 

Quarries  for  making  paving-setts  from  whinstone  have  been 
for  some  time  past  opened  at  Ballintoy,  Co.  Antrim,  and  Arklow, 
Co.  Wicklow.  The  Welsh  setts  from  the  quarries  at  Penmaen 
Mawr  belong  to  this  group,  and  have  been  largely  used  not  only 
in  England  but  in  Ireland,  where  stone  of  similar  or  identical 
qualities  is  to  be  found  in  abundance.  The  great  obstacle  to  the 
manufacture  of  paving-stones  in  this  country  has  been — ^not  so 
much  want  of  capital  or  enterprise  on  the  part  of  the  employers  of 
labour — as  want  of  knowledge  in  the  art  of  shaping  the  stones  on 
the  part  of  workmen.  This  want  is  now  being  supplied,  as  Irish 
stonemasons  are  being  instructed  by  workmen  from  Wales  and 
England  ;  and  as  we  possess  abundance  of  the  raw  material,  we 
may  look  forward  with  hope  to  a  large  and  flourishing  trade  in 
various  parts  of  the  country. 

In  considering  the  qualities  of  different  varieties  of  paving- 
setts,  and  the  purposes  to  which  they  should  be  applied,  I  think 
we  may  fairly  come  to  the  conclusion : — that  for  streets  subject  to 
excessively  heavy  traffic,  the  whinstone  varieties,  especially  those 
of  largely -crystalline  structure,  are  the  more  suitable;  while  for 
streets  with  ordinary  traffic,  those  of  the  granitoid  class  will  be 
found  sufficiently  durable,  and,  from  wearing  rough,  more  advan- 
tageous. 
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Irish  Localities  for  Pamng-setts. — ^Having  personally  visited 
most  of  the  quarries  from  which  paving-setts  are  now  being 
obtained,  I  will,  in  oonolusion,  give  a  short  aooount  of  each, 
commencing  at  the  north  coast  of  Go.  Antrim. 

Ballintoy  Qtmrry. — This  quarry  is  worked  by  the  Bglinton 
Chemical  Co.,  Limited.  The  rook  consists  of  a  largely-crystalline 
dolerite,  forming  a  cliff  80  feet  in  height,  in  rude  columns,  and 
about  200  yards  in  length.  The  stone  is  shipped  at  the  little 
harbour  of  Ballintoy  and  sent  to  Glasgow,  Londonderry  and  other 
places.  It  consists  of  a  crystalline  aggregate  of  augite,  plagio- 
clase,  olivine,  and  magnetite.  I  understand  that  paving-setts  could 
be  delivered  in  Dublin,  at  22«.  per  ton. 

Ooragh  Wood. — This  quarry  belongs  to  Messrs.  J.  Bobinson 
and  Son,  of  Belfast,  and  is  opened  by  the  side  of  the  Great 
Northern  Bailway  at  the  junction  for  Newry  and  Armagh.  The 
rock  consists  of  fine-grained  granite  of  quartz,  felspar,  and  black 
mica  in  small  flakes.  The  paving-setts  are  sent  to  Belfast  and 
other  parts  of  Co.  Antrim,  and  have  likewise  been  used  in  Man- 
chester, Oldham,  Liverpool,  Bochdale,  and  other  towns  in  England ; 
and  the  stone  for  bmlding  and  decorative  purposes,  takes  a  fine 
polish.  It  can  be  delivered  in  Dublin  at  prices  varjdng  from 
18«.  6d.  to  21s.  per  ton,  according  to  the  size  of  the  ^'  cubes." 

The  Castlewellan  granite  is  considered  more  suitable  than  the 
Goragh  Wood  stone  for  paving,  being  somewhat  harder;  and  is 
being  used  by  the  Belfast  Harbour  Commissioners  for  paving  the 
street  along  the  Donegall-quay,  where  the  traffic  is  naturally 
heavy.  For  building  purposes  the  stone  was  selected,  amongst 
other  pl6U3es,  for  the  Bishop  Bock  Lighthouse  at  St.  Mary's  Island, 
Scilly.  Paving-setts  of  this  stone  can  be  delivered  in  Dublin  at 
prices  varjdng  from  198.  6^.  to  22^.  per  ton,  according  to  the  size 
of  the  "  cubes." 

JBessbrookf  near  Newry. — These  quarries,  which  belong  to  the 
Bessbrook  Granite  Co.,  Limited,  are  opened  in  granite,  consisting 
of  quartz,  felspar,  and  black  mica  in  small  flakes.  The  rock  is  ex- 
tensively worked  both  for  setts  and  also  for  building  and  ornamental 
purposes,  and  the  stone  is  shipped  at  Newry,  or  sent  by  rail.  I 
understand  the  company  have  offered  to  supply  paving-setts  to 
Dublin  at  22^.  &d.  per  ton,  though  the  regular  price  is  2As.  The 
stone  is  used  in  various  parts  of  England,  including  Manchester, 
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Chester,  and  Wigan,  and  for  several  of  the  approaches  to  railway 
stations  where  there  is  heavy  traffic. 

ArklotCy  Co.  Wicklow. — These  quarries,  which  belong  to  Mr. 
Pamell,  M.P.,  produce  three  separate  varieties  of  stone.  From 
the  samplee  I  have  received  they  may  be  described  as  belonging 
to  ihe  whinstone  class. 

No.  I.  is  a  coarse-grained  crystalline  diorite,  or  greenstone,  of  a 
dark-green  colour,  consisting  of  felspar,  hornblende,  and  some 
magnetite.  It  occurs  in  the  form  of  a  dyke  penetrating  the  Silu- 
rian slate  along  the  banks  of  the  Aughrim  river,  about  a  mile 
above  Wooden  Bridge  Inn.  The  rock  breaks  with  a  rough  surface, 
and  shapes  well  into  setts. 

No.  II.  is  a  coarsely-crystalline  felstone  of  a  dark-blue  colour, 
with  a  little  pyrites  in  distinct  crystals.  It  breaks  with  a  rough 
surface,  and  is  lighter  than  No.  I. 

No.  m.  may  be  described  as  a  compact  felstone  of  a  bluish 
colour,  with  even  fracture.  Setts  from  this  rook  would  be  liable  to 
wear  with  a  smooth  surface,  on  which  account  it  is,  in  my  opinion, 
inferior  to  Nos.  I.  and  11. 

The  stones  from  the  Arklow  district  are  now  being  largely  used 
in  tiie  city  of  Dublin  ;  and  I  understand  from  Mr.  Parke  Neville, 
the  Borough  Engineer,  that  the  price  paid  under  last  contract  was 
249.  per  ton  delivered  at  Harcourt-street  Station  or  on  the  Quays. 

In  offering  these  few  remarks  on  the  nature  and  sources  of  Irish 
paving-stones,  I  have  no  intention  of  personally  recommending  any 
special  stone  to  public  favour ;  but  only  of  affording  data  on  which 
selections  may  be  made  for  special  purposes  and  localities.  It  will 
be  gathered  from  what  I  have  stated  that,  in  my  opinion,  different 
varieties  of  stone  have  their  own  special  uses ;  and  that,  in  provid- 
ing for  the  requirements  of  a  large  city,  certain  varieties  may  be 
more  usefuUy  employed  in  one  part  than  another,  according  to  the 
nature  and  amount  of  the  traffic. 
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XIV.— NOTES  ON  TWO  IRISH  SPEOIMENB  OP  BDWABDSIA 
TIMIDA  (QUATREPAGES).  By  G.  Y.  DIXON,  M.A. 
(With  Plate  VI.) 

[Ready  January  20,  1886.] 

Edwardsla  ttmlda  (H-natrefaces). 

Historical. 

EdwardMa  fimida,   .     .     Quatrefages,  1842,  Ann.  dea  Set.  NaLy 

Ser.  2,  xviii.,  p.  70,  pi.  2,  fig.  1. 

Edwardna  harassiy  .     .     Quatrefages,  1842,  ibid.,  p.  71,  pi.  2, 

fig.  2. 

Edwardsiella  harasBi,    ,    Andres,  1884,  Die  Actinien^  Fauna  u. 

Flora,  d.  GoUes,  v.  Neapel,  ix.  p.  94. 

Edwardsiella  timiddy     .    Andres,  1884,  ibid.,  p.  96. 

This  species  has  previously  been  recorded  from  only  one  dis- 
trict— Chansey,  Manohe  (North  France),  where  it  was  found  by 
Quatrefages.  Last  autumn,  however,  I  had  the  good  fortune  to 
find  two  specimens  at  Malahide,  county  Dublin.  With  the  excep- 
tion of  an  immature  Edwardsia  found  by  Professor  A.  0.  Haddon 
at  Salthill,  Dublin  Bay,^  this  is,  I  believe,  the  first  example 
of  this  genus  recorded  from  Ireland.  Quatrefages  separated 
E.  timida  from  jB.  haraasi  on  four  grounds : — (1)  the  tentades  in 
E.  timiday  he  thought,  were  in  a  single  row,  while  those  of 
E,  Iiarassi  were  arranged  in  two  rows.  I  believe  this  distinction 
is  only  due  to  the  difEerent  state  of  extension  of  the  disk.  For 
when  the  animal  is  much  extended  the  tentacles  appear  to  be 
uniserial ;  but  when  it  is  not  extended  to  its  full  size  they  seem 
to  be  in  two  distinct  rows,  alternately  arranged.  (2)  Quatre- 
fages describes  the  mouth  and  disk  of  E.  timida  as  flat,  and  those 
of  E.  harassi  as  being  raised  so  as  to  form  a  terminal  papilla. 
This  distinction  also  I  believe  to  be  based  on  a  merely  temporary 
condition  :  in  both  my  specimens  the  mouth  and  disk  were  continu- 

.  — — • 

^  Ftoe*  Boy,  Ir.  Acad.,  2iLd  ser.,  yol.  iy.,  p.  527. 
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ally  undergoing  changes  of  form,  being  sometimes  flat,  sometimes 
raised  into  a  pointed  oone,  with  the  lips  protruded  and  folded  bcu^k. 
(3)  Quatref ages  makes  the  consistence  of  the  investment  a  further 
ground  of  distinction.  Andres,  however  (/.  c,  p.  93),  refuses  to 
give  any  weight  to  such  a  matter  as  this,  as  a  specific  distinction 
among  the  Edwardsidae,  considering  that  the  nature  of  the  invest- 
ment largely  depends  on  the  environment  of  each  individual.  In 
connexion  with  this  question,  too,  it  should  be  borne  in  mind  that 
Quatref  ages  found  the  one  example  on  which  he  rests  his  E.  harassi 
in  a  different  locality  from  where  he  found  the  specimens  which  he 
referred  to  E.  timida.  (4)  Lastly,  JS.  timida  measures  6-7  cm.  in 
lengthy  while  E,  harassi  only  measures  5  J  cm.  This  would  not 
appear  to  me  to  be  an  important  difference,  but  merely  to  depend 
on  the  temporary  elongation  or  contraction  of  the  animal. 

Quatrefages  referred  all  Edwardsidae  to  one  genus,  Edwardsia. 
Andres  has  constituted  two  genera  in  the  sub-family,  reserving  the 
name  Edwardsia  for  all  such  species  as  have  sixteen  tentacles,  and 
classing  under  the  name  Edwardsiella  all  those  that  have  twenty 
or  more  tentadee,  including,  of  course,  the  E.  timida  and  E,  harassi 
of  Quatrefages.  In  the  present  state  of  our  knowledge  no  advan- 
tage would  seem  to  follow  from  multiplying  the  genera,  and  there- 
fore I  have  adhered  to  the  nomendauture  of  Quatrefages.  My 
two  speoimens  evidently  belong  to  the  same  species,  but  as  they 
differ  somewhat  from  one  another,  I  have  described  both.  All  the 
features  in  the  following  description  are  common  to  both  specimens, 
except  where  a  separate  description  is  given  of  each  imder  the 
several  designations  of  a  and  j3. 

Descbiption. 

Form. — Column  thin,  very  much  elongated  ;  divided  into 
physa,  scapus,  and  capitulum. 

Pkysa — delicate,  smooth,  retractile  within  the  scapus;  when 
folly  distended  exceeding  the  scapus  in  diameter,  and  sometimes 
rising  from  it  by  an  abrupt  step ;  studded  with  minute  suckers ; 
divided  into  eight  segments  by  eight  lines,  which  correspond  with 
the  insertions  of  the  mesenteries ;  no  terminal  pore  is  present. 

Scapus — long,  slender,  vermiform,  slightly  tapering  towards 
either  extremity,  cylindrical,  smooth,  without  tubercles  or  longitu- 
dinal ridges  or  furrows ;  clothed  with  a  transversely  corrugated 
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in  vestment,  which  is  opaque,  leathery,  flexible,  and  rough;  the 
investment  breaks  ofi  abruptly  at  each  of  its  extremities,  and  is 
more  deeply  furrov^ed  and  wrinkled,  and  studded  with  partidee  of 
sand  at  its  anterior  end.  When  the  animal  is  much  oontraoted 
eight  longitudinal  ridges  sometimes  rise  at  the  anterior  extremity, 
and  extend  for  a  very  short  way  down  the  soapus :  no  other  longi- 
tudinal marks  are  visible  except  when  the  animal  is  muoh  dis- 
tended, in  which  case  the  lines  corresponding  to  the  insertions  of 
the  mesenteries  can  be  seen  through  the  investment,  especially  in 
the  region  towards  the  physa.  When  the  investment  is  removed 
the  insertions  of  the  mesenteries  are  seen  in  the  body- wall  as  in 
Peachia  hastata, 

Capitulum — delicate,  retractile  within  the  scapus,  columnar  ;  its 
body-wall  is  divided  perpendicularly  into  eight  broad  regions, 
separated  by  as  many  narrow  flutings ;  the  broad  regions  (which 
apparently  correspond  to  Gbsse's  *^  invections  "),  being  somewhat 
swollen. 

Tentacles — ^marginal  in  two  rows,  the  inner  usually  pointing 
upwards,  the  outer  extending  horizontally ;  obtuse,  slender,  hardly 
tapering  towards  the  top. 

aa — tentades  22  in  number,  8  being  arranged  in  the  inner  row, 
one  at  each  end  and  three  at  each  side  of  the  mouth.  Each  of  the 
inner  tentacles  thus  occupies  the  centre  of  one  of  the  inter-mesen- 
terial  chambers.  From  between  the  mesenteries  which  run  into 
either  end  of  the  mouth  ("the  directive  mesenteries")  there  rises 
but  one  tentade.  At  one  end  of  the  mouth  each  of  the  chambers 
adjoining  that  formed  by  the  directive  mesenteries  have  four  ten- 
tacles— one  in  the  inner  and  three  in  the  outer  row.  Each  of  the 
remaining  chambers  gives  rise  to  three  tentades — one  in  the  inner 
and  two  in  the  outer  row. 

/3/3 — tentades  twenty  in  number,  arranged  ten  in  the  inner 
and  ten  in  the  outer  row. 

Disk — usually  elevated  into  a  cone ;  each  inter- mesenterial  spaoe 
being  arched  upwards  between  the  mesenteries,  and  having  a  some- 
what pufied  and  swollen  appearance. 

Mouth — ^prominent ;  linear  ;  lips  frequently  protruded  and 
folded  back  over  the  disk. 

C^oloar. — Physa — pellucid  white,  marked  with  eight  white  lon- 
gitudinal lines. 
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Scapus — (1)  Investment ;  browmBh-orange  for  two-thirds  of  its 
entire  length ;  at  the  anterior  end  it  grows  darker,  till  it  beoomes 
almost  blaok  at  the  top. 

(2)  Body-wall — pellucid  pale  pinkish  flesh-colour,  showing  the 
insertions  of  the  septa  as  whitish  longitudinal  lines.  When  the 
scapus  is  much  distended  the  orange  oonvoluted  edges  of  the 
mesenteries  may  be  seen  hanging  free  in  the  interior. 

Capitulum — transparent  brownish  red,  deeper  above,  paler 
below ;  each  invection  bears  an  arrow-head  mark  of  pure  opaque 
cream- white  pointing  upwards,  and  about  one-third  of  the  total 
length  of  the  capitulum  below  the  tentacles.  Between  these  arrow- 
heads and  the  scapus,  on  either  side  of  each  inyection,  closely 
adjoining  the  arrow  flutings,  there  is  an  opaque  white  linear  spot, 
nmning  parallel  to  the  direction  of  the  flutings.  When  the  animal 
is  Tiewed  by  direct  light,  the  flutings  and  invections  seem  to  be 
separated  by  lines  of  transparent  white ;  but  when  the  animal  is 
seen  by  transmitted  light  these  markings  disappear,  and  the  opaque 
marks  mentioned  above  seem  black.  The  red  colour  of  the  oesopha- 
gus may  be  seen  through  the  body-wall  of  the  capitulum.  When 
the  animal  is  contracting,  rings  of  pale  brownish«red  appear  to 
encircle  the  capitulum,  and  are  especially  conspicuous  across  the 
white  arrow-heads.  These  rings  are- really  wrinkles  caused  by  the 
process  of  contraction.  Their  presence  proves  that  the  white  marks 
are  imbedded  in  the  substance  of  the  body-wall.  Sometimes  the 
white  colouring  on  the  disk  shines  through  the  tentacles  so  as  to 
be  quite  visible  at  the  margin,  when  the  animal  is  seen  from  the 
side.  This  effect,  at  the  first  view,  would  almost  lead  one  to  sup- 
pose that  the  margin,  or  top  of  the  capitulum,  or  the  back  of  the 
tentacle  foot,  was  marked  with  a  white  band ;  but  this  is  not  really 
so,  the  back  of  the  tentacle  foot  and  the  margin  being  quite  mono- 
chromatic. 

Tentacles — brownish-red,  transparent,  apparently  with  a  core  of 
the  same  colour,  only  denser.  No  bands  or  markings  are  present, 
the  colour  being  uniform  throughout. 

Disk  a — cream- white,  with  the  eight  septa  showing  through  as 
brownish-red  lines;  the  gonidial  and  gonidular  tentacles  have  a 
dense  white  blotch  at  their  base,  but  no  other  mark.  Each  of  the 
remaining  six  primary  tentacles  has  a  band  of  white  which  encloses 
the  front,  but  does  not  extend  round  to  the  back  of  its  foot.   Below 
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this  band  there  is  a  Y-shaped  brownish-red  mark,  the  apex  of 
which  points  towards  the  mouth ;  while  on  either  side  of  the  mouth 
are  two  slightly-curyed  short  linear  marks  running  towards  the 
mouth.  There  are  no  markings  on  the  disk  which  correspond  with 
the  secondary  tentacles. 

Diak  /3 — translucent  pale  brownish-red,  with  no  coloured  mark- 
ings corresponding  to  the  mesenteries ;  the  bright-red  oesophagus 
shining  distinctly  through  in  the  centre  ;  the  mouth  encircled 
with  an  opaque  white  band,  which  was  shaded  off  gradually  into 
the  brownish-red  which  forms  the  general  colour  of  the  disk.  Each 
tentacle  is  marked  at  the  foot  with  a  crescent  of  opaque  white : 
these  crescents,  though  they  come  very  close  to  each,  do  not  coalesce, 
but  are  separated  by  a  thin  streak  of  the  brownish-red  which  is 
prolonged  between  them.  Each  crescent  is  shaded  ofi  into  the 
general  colour  of  the  disk  on  the  side  towards  the  mouth,  while 
the  side  next  the  tentacle  is  sharply  and  definitely  drawn. 

Mouth  a — ^with  brownish-red  lips ;  on  the  inner  edge  of  the 
lips  are  six  pairs  of  small  white  spots,  which  correspond  with  the 
six  lateral  primary  tentacles. 

Mouth  /3 — with  bright-red  lips,  quite  plain,  without  marks  or 
spots. 

Dimensions. — 

Length — contracted,  35-40  mm. 

„         expanded,  65-70    „ 
Expanse  of  disk  and  tentacles,  8  mm. 
Diameter  of  scapus,  greatest,    5    „ 

„  „         least,         2    „ 

liocallty . — ^Malahide,  county  Dublin,  south  bank  of  the  estumry, 
opposite  the  Hotel ;  in  mud,  among  stones,  at  extreme  low  water. 

I  cannot  conclude  this  description  without  stating  that  I  am 
well  aware  of  the  difficulty  raised  by  the  account  given  of  the 
arrangement  of  the  tentacles  in  example  )3.  Howeyer,  I  can  only 
say  that,  after  repeated  observations  made  during  the  three  months 
the  animal  was  alive — observations  always  made,  I  may  add,  almost 
in  the  hopes  of  ascertaining  the  contrary  to  be  the  fact — I  am 
quite  certain  that  ten,  and  not  eight,  was  the  number  of  the  ten- 
tacles in  the  inner  row.  In  connexion  with  this  point  it  is  worthy 
of  note,  that  Quatrefages,  in  his  description  of  the  disk  of  the  very 
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species  now  under  consideration,  says,  five  lines  of  a  violet  black 
nin  from  the  oircmnferenoe  of  the  disk  to  the  mouth,  and  that  in 
the  intervals  between  these  lines  five  others  of  the  same  colour, 
only  less  marked,  are  to  be  seen.  Agassiz,  too,  is  evidently  of 
opinion  that  there  need  not  be  an  absolute  conformity  between  the 
tentacles  and  mesenteries  in  Edwardsia.  In  describing  the  de- 
velopment of  a  larval  Edwardsia  {Arachnactis)^  he  says:  "Les 
nouveaux  tentacules  se  f orment  independamment  des  cloisons  ova- 
riennes,  et  je  n'ai  pas  pu  en  suivre  I'indioe  exactement,  relativement 
aux  huit  cloisons  principales;  mais  comme  je  I'ai  deja  indique, 
les  jennes  tentacules  se  forment  toujours  vers  une  des  extremit^s — 
a  I'extremite  opposee  de  la  bouche  ou  se  trove  le  long  tentacule 
impair." — Archiv.  Zool.y  1873,  vol.  xii.,  p.  xxxviii. 

ELIlBITS. 

The  habits  of  my  two  specimens  during  the  few  months  they 
lived  in  captivity  were  very  much  the  same  as  those  described  by 
Quatrefages  and  by  Andres  in  his  description  of  a  kindred  species 
(Intomo  all'  K  claparediiy  Mittheil.  Zool.  Stat.  z.  Neapel,  1881,  ii., 
p.  129). 

I  kept  them  in  a  small  glass  jar  with  about  one-fourth  inch  of 
sand.  They  sometimes  adhered  to  the  sides  of  the  glass  vessel  by  the 
physa,  sometimes  burrowed  in  the  sand,  leaving  only  the  capitulum 
protruded,  and  sometimes  they  wallowed  about  on  the  surface  of 
the  sand  quite  free:  in  the  last-mentioned  condition  they  were 
usually  distended  more  fully  than  when  fixed  in  the  sand,  or  when 
adhering  by  the  physa.  Their  shape  and  dimensions  varied  greatly 
according  to  the  degree  of  their  distension,  but  I  think  hardly  to 
the  extent  observable  in  other  free  anemones,  the  presence  of  the 
investment  seeming  to  limit  them  somewhat  in  this  respect.  There 
was  generally  a  constriction  marking  the  division  of  the  scapus 
from  the  physa;  and  sometimes,  when  the  animal  was  contracted, 
the  capitulum  was  separated  from  the  scapus  in  the  same  manner ; 
but  I  never  saw  these  constrictions  passing  up  or  down  the  body,  as 
one  sees  in  Halcampa  or  Feachia ;  on  the  contrary,  they  appeared 
to  be  fixed  and  constant  in  their  position. 

The  physa  was  frequently  covered  with  particles  of  sand,  which 
seemed  to  be  adhering  in  a  thin  coating  of  slime,  for  if  the  physa, 
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when  in  this  state,  was  suddenly  drawn  up  into  the  soapus,  the 
particles  of  sand  formed  a  ring  round  the  posterior  portion  of  the 
investment.  When  alarmed,  it  withdraws  its  disk  and  tentacles 
into  the  capitulum,  and  the  eapitulum  itself  into  the  inyestment, 
by  a  process  of  invagination.  During  the  earlier  stages  of  this 
process  the  white  markings  on  the  disk  and  on  the  eapitulum  may 
be  detected  through  the  body- wall,  their  position  being  inverted 
by  the  invagination. 


NOTES  ADDED  IN  PRESS. 

Since  the  above  Paper  was  written  I  have  obtained  six  more  specimens 
of  E,  timida  at  the  same  locality.  In  colour  the  new  specimens  differ 
considerably  from  each  other,  and  from  those  already  described.  I  hare 
set  out  the  points  of  difference  of  all  the  individuals  I  have  seen  in  the 
accompanying  Table. 

The  constant  characteristics  of  the  species  seem  to  be — 

1.  The  ratio  of  the  length  to  the  diameter,  1  to  18. 

2.  The  pellucid  pink  colour  of  the  eapitulum,  disk,  and  tentacles,  varied 

with  opaque  white  marks. 

3.  The  absence  of  tubercles  and  longitudinal  ridges. 


EXPLANATION    OF   PLATE   VI. 

Kdwardsia  timida  (€|iiatrefsir«0* 

Fig.  1.  Side  view  of  animal,  natura]  size. 

„  2.  Side  view  x  4  diam. 

„  3.  Diagrammatic  sketch  of  the  disk  of  a  x  8  diam. 

„  4.  Disk  of  ^  X  8  diam. 

„  5.  Capitulum  closed  x  6. 
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Qpeoimen. 
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SJl  diaracteriBtic  marks  in 
ve). 


20  9  '^th  white  crescents 
of  the  tentacles,  and  a 
round  the  mouth. 


20  W^ '"  at  the  foot  of 
le  is  a  white  mark  like 
i  yeiT  broad  cross-bar : 
»8ed  m  a  white  ring. 


IS',  with  decided  white 
and  the  feet  of  the  ten- 
he  mouth  inclosed  in  a 


9Sose,  with  decided  white 
closing  the  feet  of  the 
'*om  each  of  which  two 
radial  lines  run  towards 
which  is  inclosed  by  a 


Wucid  pink,  with  white 
und  the  feet  of  the  ten- 
he  mouth  inclosed  by  a 


^  but  speckled  with  very 
-e  spots ;  the  feet  of  the 
closed  in  white  cres- 
Duth  inclosed  in  a  white 


^^  observed.] 


Oolonr  of  Investment. 


Tawny  orange,  black  above. 


Tawny  orange,  black  above. 


Pale  drab  throughout,  with 
a  black  irregular  stain  on 
the  scapus. 


Tawny  orange,  paler  above. 


Tawny  orange,  black  above. 


Tawny  orange  below,  pale 
drab  above. 


Tawny  orange,  black  above. 


Tawny  orange,  black  above. 
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XV.— NOTE  ON  SOME  IMPROVEMENTS  IN  EQUATORIAL 
TELESCOPE  MOUNTINGS.    By  HOWARD  GRUBB,  F.R.S. 

[Bead,  January  20,  1886.] 

Mew  Declination  Slow  Motion. — The  slow  motion  arrange- 
ments usually  used  in  Equatorials  are  of  either  of  two  forms,  viz. : — 

(a)  an  endless  screw  working  into  a  sector  or  portion  of  a 
toothed  circle  of  long  radius ;  or, 

(6)  A  screw  applying,  or  pushing  directly  against  an  arm,  that 
ann  being  kept  in  contact  with  the  screw  by  a  spiral  or  some  other 
form  of  spring  having  a  considerable  range  of  motion. 

The  first  (a)  possesses  the  disadvantage  that,  however  carefully 
made,  it  is  impossible  it  is  quite  free  from  "  loss"  or  "  bcwk  lash  " ; 
and,  consequeiitly,  the  position  of  the  telescope  is  not  perfectly 
determinate  in  *declination,  which  fault  is  inconvenient  when  deli- 
cate measures  are  required. 

The  second  (b)  has  practically  no  **  back  lash,"  as  spring  keeps 
the  arm  in  perfect  contact  with  screw,  but  it  has  the  disadvantage, 
that  whatever  range  of  motion  is  required,  the  spring  must  be 
capable  of  working  through  the  same  range;  consequently  the 
^ring  wiU  be  much  stronger  in  action  at  one  end  of  the  range  than 
the  other,  unless  it  be  made  very  long  indeed,  in  which  case  its 
action  is  uncertain  and  unpleasant. 

To  remedy  these  defects  the  author  has  devised  the  following, 
^hioh  possesses  the  advantages  of  both : — 

ABCD  (fig.  1)  is  a  portion  of  4;he  arms  attached  to  telescope,  or 
cradle,  on  which  is  planted  the  block  (6),  forming  the  bearing  of  the 
screw.  The  nut  {n)  is  in  the  form  of  a  ball  working  in  a  socket  on 
the  extremity  of  the  clamp-arm  EFG.  A  short  stijBP  spring  (S)  is 
attached  to  this  clamp-arm,  bearing,  not  directly  against  any  part 
of  other  arm,  but  against  end  of  a  second  screw  of  same  pitch  as 
the  main  screw,  the  nut  of  which  {oo)  is  toothed  on  edge,  and  works 
into  a  wheel  of  equal  size  {pp)  on  main  screw.  The  point  of  this 
B^nd  screw,  therefore,  advances  as  much  in  one  direction  as  the 
frame  ABCD  is  carried  in  other,  according  as  the  milled  head 
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is  turned ;  and,  consequently,  the  point  of  the  screw  does  not  sen- 
sibly vary  in  its  position  with  respect  to  the  clamp-arm  EFQ-.    A 


Fig.  1. 

short  stiff  spring  can  therefore  be  used,  and  the>  disadvantage  above- 
mentioned  disappears. 

HTew  Position  Finder. — The  inconvenience  of  having  to  rise 
from  the  observing-ohair  to  read  the  Eight  Ascension  and  Declina- 
tion circles  of  an  Equatorial  has  tempted  opticians  to  devise  many 
contrivances  by  which  the  circles  may  be  read  from  eye-end  of  tele- 


Fig.  2. 


scope.  In  some  cases  the  following  piece  of  apparatus  will  probably 
be  found  useful.  It  can  be  attached  at  any  convenient  position 
near  eye-end  of  telescope.    It  (fig.  2)  consists  of  a  circular  level 
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mounted  on  two  axes  at  right  angles  to  one  another,  thus  allowing 
of  uniyersal  motion.  The  apparatus  is  so  mounted  on  telescope 
that  one  of  the  axes  (aa),  whioh  may  he  called  its  declination  axis, 
is  parallel  to  declination  axis  of  telescope.  If ,  now,  telescope  he 
pomted  to  equator,  and  meridian,  and  circle  {cc)  on  declination  of 
axis  of  position-finder  made  to  read  zero,  the  other  axis  {pp)^ 
which  may  be  called  its  polar  axis,  will  be  parallel  to  polar  axis  of 
eqoatoiiaL  The  bubble  of  level  L  is  now  adjusted  to  centre  when 
the  oirole  (66)  on  its  polar  axis  reads  zero. 

It  is  evident  now  that  the  Eight  Ascension  and  Declination 
(aides  of  position-finder  will  read  the  same  as  the  Bight  Ascension 
and  Declination  circles  of  telescope,  at  any  position  provided  the 
bubble  be  brought  to  centre  of  glass. 

To  find  any  object,  it  is  only  necessary  to  set  the  circles  of  this 
little  position-finder  to  same  readings  as  the  Eight  Ascension  and 
Declination  oirole  of  telescope  itself  would  have  to  be  set  to,  and 
turn  instrument  round  till  bubble  becomes  level. 

Addltton  to  Existing  Arransemeiit  for  Slow  Motion 
!■  Rigbt  ABcensloii.— The  slow  motion  in  Eight  Ascension 


Fig.  3. 

which  the  writer  generally  applies  to  his  instruments  has  often 
keen  described.  It  consists  (fig.  3)  of  a  pair  of  differential  wheels 
(dtf)  fixed  on  the  adjoining  ends  of  a  pair  of  shafts  {SS)  in  line 
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with  each  other,  into  which  wheels  a  pinion  p  is  geared,  this  pinion 
being  carried  on  a  stud  fixed  to  a  disc  {e)  revolving  free  on  shaft : 
when  not  in  use  the  pinion  acts  as  a  clutch,  and  both  wheels  and 
shaft,  pinion  and  disc,  all  revolve  together  by  clock.  When  a 
fine  motion  is  required  in  either  direction,  a  cord  passing  over  a 
groove  in  disc  is  pulled  in  one  direction  or  other;  the  pinion 
revolves  round  difEerential  wheels,  and  as  the  wheels  have  not 
exactly  the  same  number  of  teeth,  produces  a  differential  motion 
which  practically  accelerates  or  retards  clock-movement  as  long  as 
cord  is  pulled,  but  the  moment  the  cord  is  released  all  revolve 
together,  as  before,  at  normal  rate. 

The  only  objection  that  has  ever  been  made  to  this  motion  is, 
that  it  requires  two  hands  to  work  it — one  to  keep  the  cord  a  little 
"taut,"  and  the  other  to  pull,  as  otherwise  the  cord  would  slip 
round  without  gripping.  There  is  more  difficulty  in  overcoming 
this  objection  than  may  at  first  sight  be  apparent,  for  it  will  not 
answer  to  apply  anything  which  will  produce  friction  between  cord 
and  pulley,  except  at  the  moment  the  cord  is  pulled. 

The  following  plan  has,  however,  proved  quite  successful : — 

A  little  frame  {aa)  is  fixed  over  the  pulley  disc  in  such  a  manner 
that  it  is  capable  of  a  rocking  motion  in  centre  {a).  This  frame 
carries  four  rollers  (6, 6',  c,  c).  The  pulleys  (6,  V)  are  simple  grooved 
rollers ;  (c,  c')  are  covered  with  india-rubber  rings.  When  cord  k  is 
pulled,  the  whole  frame  slightly  tilts,  and  brings  the  rubber-covered 
roller  (c')  into  good  contact  with  cord  on  disc  pulley,  and  prevents 
it  slipping.  When  cord  k'  is  pulled  the  other  rubber-covered  roller 
(c)  is  brought  into  contact.  The  moment  either  end  of  cord  is 
released  the  rollers  return  to  their  normal  position  out  of  contact. 
As  the  roller  which  is  brought  into  contact  is  nearly  a  whole  cir- 
cumference from  the  point  where  the  cord  is  let  off,  the  cord  has  a 
good  grip  on  the  pulley,  and  never  slips. 

HTew  Slow  motloii  In  Rl^lit  Ascension. — The  recent 
advances  in  celestial  photography  have  rendered  it  desirable  to 
have  a  more  delicate  and  accurate  slow  motion  in  Eight  Ascen- 
sion than  has  hitherto  been  required.  The  necessity  for  this  is 
partly  due  to  the  fact  that  up  to  the  present  no  clock-work  has 
been  found  sufficiently  accurate  to  keep  the  star  absolutely  steady 
on  the  photo  plate  for  the  long  period  necessary  to  obtain  an 
image  of  faiut  stars;  and  consequently  it  has  been  the  practice 
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for  the  operator  to  have  a  very  powerful  finder-telescope  with 
cross-lines  set  on  a  particular  star,  and  to  watch  this  star  during 
the  progress  of  exposure,  and  if  he  saw  it  vary  its  position  by 
the  smallest  quantity  to  bring  it  back  again  by  the  slow  motion 
of  the  instrument.  Anyone  who  has  experience  in  these  matters 
will  know  how  very  difficult  it  is  to  obtain  a  slow  motion  which  is 
perfectly  certain  in  its  action,  has  no  back  lash,  and  acts  promptly, 
without  and  at  same  time  setting  the  instrument  into  swing.  The 
new  slow  motion  which  the  writer  has  devised  is  not  subject  to 
these  faults,  and  may  thus  be  described  : — 

In  the  slow  motion  by  differential  wheels,  described  above,  it  is 
evident  that  if  disc  carrying  pinion  be  simply  stopped,  a  retarda- 
tion or  acceleration  (according  to  relative  positions  of  wheels)  will 
be  produced,  to  a  slight  extent.  Suppose  the  wheels  to  have  twenty- 
nine  and  thirty  teeth,  the  speed  will  be  altered  -g^  part  quicker  or 
slower.  Now,  suppose  two  such  differential  sets  of  wheels  be  placed 
side  by  side  on  the  shaft  (which  of  course  should  be  cut  in  two 
places},  but  with  wheels  so  arranged  that  a  stopping  of  one  disc 
(and  pinion)  will  produce  an  acceleration  of  ^^j  ^^^  ^^^  stopping 
of  the  other  will  produce  a  retardution  of  ^,  A  pair  of  electro- 
magnets working  a  clutch  (or  simple  levers  with  strings)  can  be 
used  to  enable  the  operator,  who  has  his  eye  applied  to  finder,  to 
bring  either  the  retarder  or  accelerator  into  action  at  any  instant ; 
and  the  action  is  so  gentle  that  no  swing  or  disturbance  of  the 
instrument  takes  place. 
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XVL— A  CLASSIFICATION  OF  THE  SPONGES.  By  PROFESSOR 
SOLLAS,  D.Sc,  F.R.S.E.,  &c. 

[Read,  June  15, 1885.] 

The  Porif era  are  a  phylum,  divisible  into  the  two  dasses — 

I.  ^Plethospongise.  ii.  GalcispongiaB. 

The  PlethospongisB  may  be  subdivided  into  three  sub-clasfleB — 
i.  Hexaetinellida.     ii.  'Demospongiae.    iii.  Myxospongise. 

The  DemoBpongisB  embrace  the  great  majority  of  sponges,  and 
are  divisible  into  the  two  tribes — the  Monaxonida  and  Tetracti- 
nellida. 

The  Monaxonida  include  as  orders — (1)  the  Monaxona  (Monao- 
tinellida,  Auct.)  and  the  Ceratosa,  the  latter  clearly  of  polyphylitic 
origin,  and  derived  from  several  families  of  the  former;  (2)  the 
Tetraotinellida  include  the  orders  Choristida  (SoUas)  and  lithis- 
ida. 

The  Myxospongiae  are  not  degenerate,  but  persistent  askeletal 
forms,  and  include  two  orders — Halisaroosa  and  Ghondrosiosa 
(excluding  Gorticium  and  its  allies). 

The  classification,  as  far  as  the  orders,  may  stand  thus : — 

PORIFERA  (PHYLUM). 

Class  I. — FlethospongiBB. 

8^-cx^  i.-Hexactinemd.  {  <>-«  l^^^^^Tl). 

f       Tkibb  a.        (       „      1. — ^Monaxona. 
I    Monaxonida.     \      „     2.— Ceratosa  (Gnnt}. 
ii. — DemospoDgis  {       __ 

1.— Choristida  (SoUas). 

2.— Lithistida  (O.  Sodt.). 


i        Tbibe  h,        I 
\  Tetiuctinellida.  ( 


..      iii-Myxcpongi..  {      ;;     l.-^^^-^^.S^ig. 

Class  II. — Ca]ciipongi». 

*  irXriBos :  a  great  number  or  crowd.  >  H^fiiriipos :  common. 
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XVn.— THE  RELATIONSHIP  OP  THE  STRUCTURE  OP  ROCKS 
TO  THE  CONDITIONS  OF  THEIR  FORMATION.  By 
H.  J.  JOHNSTON  LA  VIS,  M.D. 

[Read,  February  17,  1886.] 

Introduction. — ^Two  great  questionfl  of  Vulcanology,  of  which 
our  knowledge  is  still  very  limited,  are  in  the  first  place  the  causes 
that  bring  about  the  wide  range  in  force  and  character  of  volcanic 
activity ;  and,  secondly,  the  difference  in  structure  and  compositioii 
of  the  resulting  products.  In  the  present  Paper  it  is  proposed  to 
diBcuss  a  portion  only  of  these  very  complex  questions. 

Those  who  have  lived  in  a  still  active  volcanic  region,  and  have 
gazed  over  the  landmarks  of  former  activity,  and  compared  them 
with  those  at  present  in  progress,  cannot  but  be  struck  by  the  evi- 
dence afforded  of  the  enormous  diBproportion  in  the  exhibition  of 
volcanic  energy  from  one  time  to  another.  Before  1631  the  crater 
of  Vesuvius  was  clothed  with  trees,  brushwood,  and  grass,  where 
goats  were  pastured,  while  the  only  sign  of  igneous  action  was 
the  presence  of  two  small  lakes  of  warm  water  occupying  the 
bottom  of  that  depression.  The  quietness  of  this  sylvan  scene  was 
only  broken  by  the  twitter  of  birds,  the  shepherd's  chant,  or  the 
wind-rustled  leaves.  Let  us  compare  this  state  of  placidity,  or  still 
more  that  in  which  no  sign  whatever  existed  of  the  endogenous 
activity  in  the  time  of  Spartacus,  with  those  gigantic,  prehistoric 
emptions  which  tore  away  1,000  metres  or  more  of  the  mountain 
top,  and  hollowed  out  a  cavity  equal  to  a  cone  with  a  base  diameter 
of  three  kilometres  and  a  height  of  1400  to  1500  metres.  Even 
the  Plinian  eruption  was  an  insignificant  affair  compared  with  its 
four  predecessors.  Between  these  two  extremes  in  the  vital  activity 
of  a  volcano  we  have  all  stages  of  gradation. 

Yet  the  phenomena  of  Vesuvius  bear  the  proportion  of  child's 
play  to  a  giant's  exploits  when  we  compare  them  with  the  catas- 
trophe of  Tomboro,  Krakatoa,  Cotopaxi,  the  Icelandic  volcanoes, 
and  many  others.  Meditating  on  these  facts  can  hardly  fail  to 
awaken  within  us  the  inquiry  as  to  the  actuating  cause  of  the 
variability  in  functions,  if  we  may  so  call  them,  of  a  volcano. 

^CIIN.  rKOC.,  B.D.8.,  YOL.  V.  PT.  III.  K 
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Source  of  Energy  stored  up  in  Igneous  Matter, — Disregarding  for 
the  time  being  the  unsettled  question  of  the  condition  of  the  earth's 
interior,  let  us  assume^  that  we  have  an  almost  unlimited  supply 
of  igneous  material ;  let  us  then  ask  ourselves,  whether  this  material 
supplied  in  varying  proportions  is  capable  of  producing  an  equiva- 
lent difference  in  the  display  and  character  of  the  volcanic  forces. 
A  moment's  consideration  will  satisfy  us  that  such  is  certainly  not 
the  case.  There  is  no  doubt  that  in  a  great  explosive  eruption  a 
very  large  amount  of  matter  may  be  ejected,  but  as  it  is  always  in 
the  form  of  pumice  its  apparent  bulk  is  larger  than  its  real  one. 
On  the  other  hand,  in  paroxysmal  eruptions  we  have  enormous 
quantities  of  igneous  magma  ejected  in  a  fluent  form  without 
exhibiting  that  amount  of  energy  that  occurs  in  the  first  case.  If 
we  compare  the  amounts,  by  weight,  of  matter  (essential)*  ejected 
during  the  Plinian  eruption  of  Vesuvius  with  the  lava  outpours  of 
1631,  we  should  find  no  ratio  between  them  and  the  eruptive  energy 
exerted  on  each  occasion.  Many  still  more  striking  examples 
might  be  given  of  the  gigantic  though  comparatively  quiet  outflows 
of  basalt  when  compared  with  low  crater  rings  of  the  Eifel  and 
other  volcanic  districts. 

Were  facts  otherwise,  so  that  the  greater  the  eruption  the 
greater  the  amount  of  material  extruded,  we  should  then  have 
fairly  conclusive  evidence  that  the  water  which  is  the  main  motive 
power  in  a  volcano  was  contained  uniformly  diffused  throughout 
the  igneous  magma,  as  held  by  Eev.  O.  Fisher  and  others.'  Of 
course  we  must  admit  that  in  distant  regions  such  might  really  be 
the  case,  but  it  is  not  reasonable  to  suppose  that  it  is  so  in  a  single 
locality,  a  necessary  datum  for  such  an  argument.  In  consequence 
of  this  we  are  reduced  to  search  for  some  local  influences  that  are 
brought  to  bear  upon  an  isolated  portion  of  the  igneous  magma, 
and  the  only  rational  way  in  which  we  can  suppose  any  such  mass 
to  be  isolated  would  be  when  it  has  entered  its  duct  on  its  way 
from  its  source  to  the  surface. 


^  This  is  compatible  with  all  the  more  reasonable  theories  regarding  the  physical 
state  of  the  deeper  parts  of  our  globe. 

'  I  mean  only  that  which  is  really  extruded  de  novo,  and  not  materials  torn  from  the 
crater  sides. 

»  PhyHtcsofthe  Earth's  Crust,  1881,  p.  187. 
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Fassmg  over  the  older  and  more  crude  theories  relating  to  the 
flowing^  down  of  water  by  orevaBses,  and  so  coming  in  contact  with 
the  molten  lava,  or  over  the  fantastic  hypothesis  of  Davy  down  to 
that  of  Peacock,  we  find  the  question  severely  tackled  in  1881  by 
three  eminent  geologists:  Professor  Prestwich,'  who  attributes 
eraptions  to  the  percolation  of  water  to  the  porosity  and  cleavage 
phnes  of  rocke^  and  not  to  fissures,  but  yet  does  not  admit  of  that 
intiinate  mixture  of  the  water  with  the  magma  which  anyone 
aocnstomed  to  watch  the  lava  in  its  fluent  state  soon  becomes  con« 
meed  of.  Professor  Sollas'  at  the  same  time  and  place  recognizes 
the  intermixture  of  water  and  lava,  and  supposes  the  former  to 
exist  in  the  liquid  state,  but  he  fails  to  explain  the  variability  of 
eraptive  action  except  by  relief  of  pressure.  The  changes  of  pres- 
sure, as  explained  by  the  author,  are  obviously  insufficient  to  bring 
sboat  inactivity  on  the  one  hand,  or  explosive*  eruptions  on  the 
other.  Besides,  we  should  expect  volcanoes  in  the  same  region  to 
act  quite  synchronously.  It  is  to  Professor  Judd  that  merit  is  due 
for  the  recognition  of  the  fact  that  the  igneous  magma  may,  under 
presBore,  absorb  gases  such  as  water  is  at  high  temperatures,  and  he 
gives  in  illustration  a  number  of  analogous  examples,  but  does  not 
treat  of  the  conditions  of  absorption  and  dispersion  of  such  water. 

Just  to  this  point  we  are  provided  veith  a  demonstration  of  what 
ia  really  the  motive  power  of  volcanic  eruptions,  and  it  is  here  I 
piopose  to  take  up  the  thread  and  discuss  the  conditions  under 
which  this  water  is  absorbed,  retained,  and  expelled. 

Let  us  take  an  illustration,  namely,  the  solution  of  carbonic 
anhydride  in  water  itself.  Carbonic  anhydride  is,  at  the  normal 
temperature  and  pressure  of  the  atmosphere,  a  gas ;  but  by  either 
increasiug  the  pressure  or  lowering  the  temperature  it  may  be 
reduced  to  the  liquid  or  solid  state.     The  water  of  volcanoes,  at 

'  Banm  Dietrich  in  Ferber,  Lettres  sur  la  mineralog;ie,  &c.,  de  Tltalie,  1776, 
p.  207 ;  also  Braccini. 

'  "  Some  Obseirations  on  tlie  CauBes  of  Yolcanio  Action." — Eepcrts,  Brit.  Auo€,, 
1881. 

'  *'The  Connexion  between  the  Intnuion  of  Volcanic  Action." — JUporU,  Brii. 
^Ame.,  1S81. 

'  It  may  be  here  mentioned  that  I  do  not  nse  paroxysmal  in  the  same  sense  as  Scrope, 
Int  to  indicate  thoee  increments  of  actiyitj  that  occur  from  time  to  time  during  chronic 
•ctiTity,  always  accompanied  by  the  outpour  of  htya,  leaying  explonve  for  those  erup- 
tifiitt  with  only  fragmentary  pumiceous  or  scoriaceous  pumice  ejectamenta. 

X2 
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the  normsd  pressure  of  the  air  and  the  temperature  of  lava,  is  a 
gas ;  and,  like  oarbonio  anhydride,  may  be  rendered  liquid  or  solid 
by  increasing  pressure  or  lowering  temperature.  By  removing 
either  of  these  secondary  conditions  the  more  volatile  materials  in 
the  two  oases  return  to  their  gaseous  state.  Now,  carbonic  anhy- 
dride in  the  presence  of  water  is  much  more  easily  condensed,  and 
dissolves  simultaneously  in  that  liquid,  the  solubility  propor- 
tionally increasing  with  the  pressure.  Water  is  equally  soluble 
in  molten  silicates,  as  is  shown  by  its  escape  from  lava,  and  its 
solubility  likewise  increases  with  the  pressure,  unless  downright 
opposed  to  known  physical  laws.  Between  these  two  cases  of 
gases  soluble  in  liquids  there  is  not  only  a  physical,  but  also 
a  chemical,  analogy,  for  in  both  cases  we  have  to  deal  with  gase- 
ous oxides  soluble  in  liquid  ones. 

In  the  case  of  the  solution  of  carbonic  anhydride  in  water, 
and,  in  fact,  of  solutions  of  all  gases  in  liquids,  we  find  that  the 
quantity  of  gas  absorbed  increases  with  the  pressure,  provided  the 
liquid  does  not  solidify  (as  exhibited  in  the  spitting  of  silver). 
We  find  also  that  the  pressure  remaining  fixed,  an  increase  of 
temperature  has  a  tendency  to  reconvert  the  condensed,  or,  more 
properly,  dissolved  gas,  again  into  the  gaseous  state ;  or,  in  other 
words,  we  find  that  the  tension  of  such  a  solution  increases  with 
the  temperature.  The  absorption  of  oxygen  by  molten  silver,  and 
of  the  same  gas  and  carbonic  anhydride  by  iron  and  steel,  as 
demonstrated  by  Troost,  are  familiar  examples  of  fluids  at  high 
temperatures  taking  up  gases.  It  is  at  the  same  time  evident  that 
the  critical  point  of  water  no  longer  enters  into  the  question,  as  it 
is  held  in  solution  like  CO'  in  water,  both  occupying  volumes 
much  nearer  their  liquid  than  their  gaseous  state. 

The  conditions  imder  which  igneous  matter  commences  its 
course  towards  the  surface  may,  no  doubt,  be  veiy  variable,  and 
whether  such  be  due  to  secular  cooling  of  our  globe,  and  con- 
sequent straining  and  fracturing  of  its  outer  surface,  it  is  not  our 
present  business  to  discuss.  As  already  stated,  we  have  every 
reason  to  believe  the  volcanic  magma,  as  it  exists  in  its  original 
site,*  contains  dissolved  in  it  little,  if  any,  water,  although  many 

'  Whether  this  fonns  the  centre  of  our  globe,  a  stratum  between  the  nucleus  and 
crust,  or  exists  as  isolated  reservoirs,  in  no  way  affects  that  part  of  the  question  now 
under  discussion. 
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hold,  on  account  of  Sorby's  discoveries,  that  the  fluid  portion  of 
the  earth's  interior  is  an  igneo-aqueoua  solution.  We  must  first 
prove  that  granite,  or  at  least  that  studied  by  Sorby  and  others, 
was  not  an  intrusive  rook  in  porous  strata.  In  other  words,  it 
must  be  proved  that  granite  is  the  primitive  rock  cooled  without 
the  intervention  of  secondary  water. 

It,  therefore,  on  being  transferred  from  great  to  lesser  pres- 
rare,  would  only  exert  that  small  amount  of  expansion  which  is 
proper  to  its  chemical  components,  which  would  therefore  undergo 
no  change  of  state,  but  remain  as  liquids  under  normal  atmo- 
spheric pressure  at  the  earth's  surface.  In  fact,  whatever  expan- 
sion tended  to  take  place  in  transferring  the  volcanic  magma  from 
great  depths  to  the  surface  would  be  more  or  less  balanced  by  the 
corresponding  loss  of  heat,  and  consequent  tendency  to  contract  as 
a  resolt  of  that,  so  that  only  a  change  in  volume  would  take  place, 
if  any,  in  proportion  to  the  different  power  of  the  two  agencies  to 
aooelerate  or  ^^imiTiiflh  contraction.  This  theory  of  the  solution  of 
water  in  lava,  and  not  lava  in  water,  is  incidentally  mentioned  by 
the  Eev.  O.Fisher.* 

Extrusion  of  Igneous  Matter  through  Dry^  or  nearly  Dry^  Rocks 
to  the  Surface. — Should  such  volcanic  magma  in  its  native  state 
reach  the  surface,  it  might  overflow  without  any  explosive  mani- 
festations whatever,  and  consequently  no  cone  of  scoria  or  other 
fragmentary  materials  would  be  formed  around  the  exit,  and  the 
locality  of  this  would  be  only  detected  on  a  plain  by  the  possible 
formation  of  domes,  or  mamellons,  where  the  lava  was  sufficiently 
viscous.  Neither  should  we  expect  such  an  exudation  of  fluid- 
rock  to  be  aooompanied  by  mechanical  vibrations  other  than  that 
dependent  upon  the  formation  of  the  fissure,  or  duct,  by  which  the 
hiva  escaped,  and  which  formation  would  be  dependent  upon 
causes  extraneous  to  the  actual  expulsion  of  the  fluid  magma. 
That  such  favourable  conditions  may  sometimes  occur,  so  that  the 
Actual  dyke  may  traverse  strata  that  are  not  water-logged,  we 
cannot  deny,  and  possibly  some  of  the  great  basalt  plains  of 
America  and  elsewhere  may  so  have  originated ;  yet,  geology 
teaches  us  to  consider  such  to  be  rather  the  exception  than  t^e 
rule. 

»  Fhyt%€t  of  the  BarthU  Cnut,  1881,  p.  190. 
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Intrusion  of  Igneous  Matter  into  Dry,  or  nearly  Dry,  Rocks,  but 
not  reaching  the  Surface, — Should  a  fissure  opening  downward  to 
the  voloanio  magma  be  formed  by  secular  oooling  or  other  means, 
we  should  expect  that  it  would  be  simultaneously  filled  by  the 
oozing  in  of  the  igneous  magma.     This  mass  of  fused  silicates,  at 
a  very  high  temperature,  will  now  undergo  a  series  of  changes, 
which  we  will  attempt  to  trace.     The  first  thing  will  be  the  cool- 
ing of  a  layer  of  the  magma,  which  is  in  actual  contact  with  the 
walls  of  the  fissure ;  and  should  that  substance  be  in  a  purely 
vitreous  condition,  a  pitchstone  salband  of  variable  thickness  will 
result.    Now,  should  the  conductivity  of  the  surrounding  strata 
be  great,  or  should  the  temperature  of  the  magma  be  near  solidi- 
fication point,  then  that  process  wiU  continue  from  the  salband 
inwards  through  the  whole  mass,  and  a  blind  dyke  will  result. 
On  the  other  hand,  should  the  surrounding  strata  be  bad  con- 
ductors, already  heated,  and  the  magma  at  a  very  much  higher 
temperature  than  that  of  its  solidification,  so  that  its  heat  might 
be  given  out  quicker  than  the  surrounding  rocks  could  absorb, 
any  salband  that  might  at  first  have  been  formed  would  be  re- 
fused, and  such  re-fusion  might  extend  some  distance  into  the 
surrounding  rocks,  continuing  to  do  so  until  the  supply  of  heat  of 
the  injected  material  was  exhausted.     Should  the  surrounding 
rocks  be  infusible,  a  chemical  interchange  would  take  place  be- 
tween the  igneous  and  solid  matter,  resulting  in  the  metamor- 
phism  of  the  former,  and  a  corresponding  change  in  the  latter. 
Although  I  am  not  personally  acquainted  with  many  examples  in 
illustration  of  this  condition,  probably  some  of  those  dykes  which 
are  so  abundant  in  the  Western  Isles  and  Highlands  of  Scotland, 
described  by  Jameson  and  others  who  have  followed  him,  will 
serve.    If  the  intrusion  of  the  igneous  magma  takes  place  in  solid 
rocks,  which  themselves  are  at  a  high  temperature  from  pressure — 
crushing  or  conduction  upwards  from  below — three  things  wiU 
probably  result.    First,  the  magma,  from  the  small  absorption  of 
its  heat  by  the  surrounding  rocks,  would  require  a  very  long  time 
to  cool,  and  that  would  also  occur  in  a  very  gradual  and  imifonn 
manner,  so  that  an  extremely  course  crystalline  structure  would 
result.    This  is  the  case  in  a  great  number  of  pegmatite  granite 
veins.    Secondly,  no  salband  will  be  formed,  and  partial  fusion  of 
the  fissure  walls  may  occur,  so  that  in  gneisose  rocks  the  line  of 
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demarkation  between  them  and  the  intrusive  granite,  or  syenite, 
may  be  very  Hi-defined.  Thirdly,  the  condition  will  be  highly 
iayourable  to  contact  metamorphism,  which,  in  such  cases,  often 
extends  into  the  surrounding  rocks  for  very  considerable  distances, 
often  many  hundreds,  or  even  thousands,  of  yards.^  Jukes  main- 
tained that  the  granite  forms  the  basis  of  many  volcanoes,  being 
the  source  of  the  eruptive  matter.  It  has  been  observed  by  Cotta, 
that  the  smaller  the  dyke  the  smaller  the  grain,'  which  is  ex- 
plained by  the  more  rapid  cooling  of  the  smaller  mass.  We  have 
the  same  in  nearly  all  kinds  of  dykes,  where  the  nearer  we 
approach  the  outer  surface  the  finer  the  grain ;  though  volcanic 
dykes  in  oones  are  an  exception  for  some  minerals.  Negri  and 
Spieafioo,  in  describing  an  expansion  of  porphyry  near  Lugano, 
show  that  the  felspars  near  the  surface  are  invisible,  so  that  the 
rock  is  a  euritic  porphyry.  Towards  the  centre  of  this  great 
mass  the  orystals  are  distinct,  but  round  and  imperfectly  formed, 
whilst  in  the  dyke,  which  supplies  this  great  mass,  the  crystals 
are  very  perfect  and  large,  often  reaching  three  centimeters  in 
diameter.  We  see,  therefore,  that  the  perfection  of  crystallization, 
and  the  type  of  resulting  rock,  are  in  direct  relation  with  the 
length  of  time  and  quietness  of  the  cooling  of  the  magma.  In 
the  same  way  we  may  explain  the  crystals  in  the  salbands  of  some 
dykes,  being  smaller  than  those  in  the  more  central  part. 

On  the  other  hand,  we  may  meet  with  various  intrusive  rocks 
with  more  or  less  purely  vitreous  salbands,  in  which,  in  many  cases, 
the  line  of  demarcation  is  often  distinct  and  very  sharp  between 
the  dyke  walls  and  the  intrusive  matter.  There  are  also  cases,  as 
in  the  dykes  of  liparite  of  the  Ponza  isles,  which  possess  thick  pitch- 
stone  salbands  which  are  soldered  to  the  walls  of  the  quartzose 
tufas.  It  would  seem  that  the  great  resemblance  of  the  two  rocks 
in  chemical  and  mineralogical  composition,  and  therefore  the  small 
difference  between  their  points  of  fusibility,  a  very  slight  excess  of 
temperature  in  the  intrusive  rock  would  be  sufficient  to  fuse  the 
walk,  and  yet  cool  rapidly  enough  to  prevent  complete  crystal- 
lization, thus  leaving  the  vitreous  salband.  This  is  aided,  no 
doubt,  by  the  low  heat  conductivity  of  the  surrounding  tufas. 


^  L.  Qatta,  Yulcanumo,  ISSd,  p.  28. 

2  Naumamiy  Lehrbuch  dcr  Geologie,  1858-186S. 
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Even  in  granite,  although  there  is  no  vitreous  salband  which 
would  be  incompatible  with  its  coarse,  well-crystallized  structure, 
Naumann  describes  granite  dykes  in  which  the  grain  is  finer 
towards  the  margin. 

It  seems  probable  that  where  intrusion  takes  place  into  rocks, 
the  cleavage  planes  of  which  are  nearer  the  horizontal  in  direction, 
the  loss  of  heat  will  take  place  slowly,  and  we  should  expect  to  find 
cofiurse-grained  granites  and  trap  rocks;  whereas,  the  more  the 
deavage  planes  approach  the  vertical  the  greater  will  be  the 
rapidity  of  cooling.  This  is  a  question  well  worth  inquiring  into, 
for  Jannettaz^  has  shown  that  the  major  axis  of  the  isothermio 
ellipsoid  in  crystals  is  parallel  to  the  principal  planes  of  cleavage, 
and  in  rocks  with  the  planes  of  schistosity.' 

Intrtman  of  Igneous  Matter  into  Porous  Aquiferous  Strata. — ^The 
same  results  as  in  the  last  case  may  be  looked  for,  but  we  shall  see 
that  superposed  upon  them  there  is  another  series  of  far  greater 
importance.  Let  us  suppose  the  fissure  formed,  injected,  and  that 
a  salband  has  solidified.  The  water  in  the  immediate  neighbour- 
hood will  tend  to  increase  in  temperature  until  it  arrives  at  the 
same  degree  as  that  of  the  lava,  since  in  most  cases  the  enormous 
superincumbent  pressure  will  have  proportionally  raised  the  boiling 
point.  Then  again,  as  the  water  exists  bound  up,  as  it  were,  within 
the  pores  of  some  permeable  rock,  little  convexion  circulation  is 
permitted,  at  the  same  time  that  expansion  to  the  gaseous  condition 
furthermore  is  resisted.  This  shell  of  superheated  water  is  only 
separated  from  the  igneous  magma  by  the  salband,  which  according 
to  varying  circumstances  may  differ  very  much  in  thickness,  and 
so  will  act  as  a  more  or  less  imperfect  porous  septum  between  the 
igneous  matter  and  superheated  water.  Although  probably  not 
possessing  exactly  the  same  physical  characters  as  the  porous  septum 
in  dialysis,  nevertheless  it  no  doubt  would  permit  diffusion  to  go 
on  between  the  two  fluids  which  it  separates,  or  even  the  porous 
rocks  themselves  may  play  that  part.     Besides,  we  have  another 

^  Mdmoires  sur  la  propagation  de  la  cbaleur  dans  lee  corps  cristallis^s  (Ann.  Ch.  et 
Vh.,  4°  serie,  t.  zxix.,  p.  5 ;  Bull  de  la  Soci6te  Geologique  de  France,  S""  eerie,  t.  I» 
et  suiv.). 

3  As  tlie  stratification  of  strata  in  general  approaches  nearer  to  the  horizontal  than 
the  yertical,  the  conditions  will  be  moat  favourable  for  the  retention  of  the  internal 
heat  of  our  globe. 
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strikmg  reeemblanoe  to  the  process  of  dialysis,  for  the  igneous 
magma  is  in  a  yitreous  state,  whioh  we  may  take  as  the  representa- 
ti?e  of  the  colloids,*  whilst  the  superheated  water  in  aU  probability 
may  still  be  regarded  as  a  crystalloid.  In  consequence  of  this  we 
should  look  for  endosmosis  as  the  principal  function,  although  the 
metamorphism  of  surrounding  rocks,  which  in  the  case  of  the 
existence  of  salbands  is  comparatively  slight,  would  indicate  some 
amount  of  exosmosis.  In  the  case  of  the  blind  fissure  being  con- 
Terted  into  a  channel  through  which  the  igneous  magma  circulates, 
then  no  doubt  the  salband  would,  in  most  cases,  be  refused  or 
carried  away  by  other  means,  and  the  permeable  rocks  would  then 
play  the  part  of  the  septum.  In  fact,  even  in  a  blank  fissure  we 
can  comprehend  that  no  salband  may  exist. 

The  rapidity  of  this  endosmosis  of  water,  and  its  diffusion 
through,  or  solution  in,  the  colloidsd-like  magma,  will  obviously 
depend  upon  a  variety  of  circumstances,  such,  for  instance,  as  the 
composition  of  the  magma,  the  form  of  fissure,  and  therefore 
unonnt  of  surface  exposed,  pressure,  &c.  This  we  see  portrayed 
in  the  illustrations  we  chose ;  for  if  carbonic  anhydride  is  in  contact 
with  the  calm  surface  of  water  solution  takes  place  very  slowly. 
A  knowledge  of  this  fact  is  practically  made  use  of  in  the  seltzer- 
water  machine,  in  which  a  number  of  lashers  revolve  with  great 
apidity  in  a  chamber  filled  with  water  and  the  carbonic  anhydride, 
80  that  a  very  large  surface  of  each  is  brought  into  contact  by  the 
churning  motion,  and  consequently  solution  takes  place  with  very 
great  rapidity. 

Bat  to  return  to  the  main  question,  this  absorption  of  water 
will  go  on  at  the  expense  of  heat  to  the  igneous  magma,  which, 
however,  will  only  lose  so  much  as  will  raise  the  amount  of  water 
absorbed  to  its  own  temperature.  This  loss  will  not,  of  course,  be 
▼ery  great,  since  there  is  no  conversion  of  a  liquid  into  a  gas. 
Nevertheless  this  loss  of  heat,  combined  with  that  due  to  the  con- 
duction away  by  the  surroimding  rocks,  may  be  so  great  that  the 
igneous  magma  may  reach  its  point  of  solidification,  and  further 
action  will  be  prevented  by  the  fissure  being  now  filled  by  a  cooled 
rock  mass. 


'  At  any  rate  as  far  as  the  silica,  and  probably  the  alumina  and  iron  oxides,  are 
eoocemed. 
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On  the  other  hand,  should  such  not  have  taken  place,  as  the 
amount  of  water  absorbed  increases,  the  tension  of  the  fluid  mass 
will  proportionally  do  so  also.  There  will  arrive  a  time  when  the 
tension  of  the  fluid  mass  will  exceed  the  resistance  of  the  surround- 
ing rocks,  or  the  superincumbent  pressure,  which  will  result  in  the 
rending  asunder  of  them  and  the  extension  of  the  fissure.  Such 
extension  may  be  sufficient  to  make  it  reach  the  surface  forming 
the  site  of  a  volcano,  or  as  it  extends  and  gives  place  for  expansion 
the  tension  may  proportionally  so  decrease  imtil  the  balance  is 
restored  before  the  surface  is  reached.  The  extension  of  such  a 
fissure  will  rather  tend  towards  the  surface,  as  least  resistance 
would  be  encountered  in  that  direction. 

Such  an  extension  of  a  fissure  will  give  rise  to  two  or  more  very 
distinct  series  of  vibrations :  first,  we  shall  have  slow  ones  extend- 
ing over  a  considerable  length  of  time,  due  to  the  gradually  in- 
creasing compression  around  the  expansible  matter  which,  if 
apparent  at  the  surface,  would  assume  the  characters  rather  of  tilt 
than  that  of  an  earthquake.  Local  elevation  of  a  small  area  such  as 
occurred  at  the  Starza  of  Pozzuoli,  pending  some  years  before  the 
outburst  and  formation  of  Mount  Nuovo,  or  the  same  thing  at 
Torre  del  Greco  in  the  Vesuvian  eruption  of  1861.  The  actual 
rending  and  enlargement  of  the  fissure  will  give  rise  to  a  series  of 
vibrations  of  small  amplitude,  such  as  are  first  registered  in  an 
earthquake.^  These  will  be  inmiediately  followed  by  the  sudden 
arrest  of  expanding  matter  coming  in  contact  with  the  waUs  of  the 
fissure,  which  space  it  injects  immediately.  The  effect  is  well 
imitated  by  allowing  steam  to  escape  from  a  boiler  under  high 
pressure,  and  suddenly  closing  the  opening.  Other  examples  are 
the  sudden  injection  by  water  of  a  blind  and  collapsed  hose,  or  the 
rapid  closing  of  a  tap  from  which  was  flowing  a  stream  of  water 
under  pressure,  conducted  through  a  pipe  of  some  length.  This 
impact  of  the  fluid  matter  against  the  solid  fissure  walls  is  followed 
by  a  series  of  diminishing  oscillations  or  throbs.  This  group  of 
disturbance  s  no  doubt  constitute  the  more  powerful  or  destructive 
portion  of  the  earthquake,  and  the  character  of  these  vibrations. 


*  J.  A.  Ewiiig,  Eartliquak'>  Measurement.  Mim.  Sei.  Depart,  Univ.  Tokio,,  No.  9, 
p.  54,  and  foUowing. 
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which  we  should  deduce  on  the  above  theoretical  grounds,  com- 
pletely coincide  with  earthquake  registration. 

The  extension  of  the  fissure  may  have  been  sufficient  to  allow 
of  the  formation  of  steam,  which  may  collect  together  throughout 
the  pasty  mass  as  bubbles ;  and,  should  solidification  soon  follow, 
the  resulting  dyke-metal  would  present  a  vesicular  or  amygdaloidal 
stracture.  On  the  other  hand,  the  expansion  may  only  have  taken 
place  to  such  a  point,  that  no  conversion  of  liquid  into  gas  has 
taken  place,  and  as  a  result  we  should  look  for,  in  case  of  solidifi- 
cation, a  dyke  presenting  no  signs  of  vesicularity.  The  finding  of 
a  dyke-metal,  in  which  no  vesicularity  is  manifest,  is  no  proof  that 
at  some  time  it  may  not  have  had  such ;  for,  were  cooling  not  to 
follow  soon  on  vesicularization,  the  renewed  gradually  increasing 
pressure  would  again  compel  the  steam  to  redissolve  in  the  magma. 
These  facts  probably  account  for  the  rarity  of  a  vesicular  state  of 
granite,  though  even  this  is  sometimes  known  to  occur  as  in  the 
island  of  Mull,  and  that  of  the  plateau  of  the  Palais  du  Roi^  Lozere, 
described  by  Lecoq.* 

Under  the  two  former  circumstances  we  should  expect  the  first 
to  end  in  solidification  more  often  than  the  second ;  for,  by  the 
oonyersion  of  the  dissolved  water  into  steam,  a  very  much  larger 
amount  of  heat  would  be  used  up,  proportionally  of  course  to  the 
amount  of  conversion  that  took  place. 

By  the  progressive  extension  of  the  fissure  a  larger  area  of 
igneous  rock  surface  will  be  exposed  to  the  conditions  which  have 
been  described,  so  that  the  tendency  will  be  towards  the  more  rapid 
absorption  of  water,  and  consequent  crisis  between  tension  and  re- 
sistance. Besides,  from  the  larger  amount  of  expansive  matter 
capable  of  acting,  the  effects  will  be  more  violent  each  consecutive 
time. 

The  facts  are  borne  out  in  such  examples  as  Jorullo  and  Monte 
Nuovo,  and  are  now  probably  in  progress  under  Casamicciola,  in 
the  island  of  Ischia.  In  such  examples  we  find,  that  for  a  long 
period  earthquakes  occur  at  distant  intervals,  but  that  these  have  a 
gradual  tendency  to  follow  each  other  progressively  more  often, 
and  often  increasing  in  destruotiveness  at  one  spot,  although  the 
area  affected  may  proportionally  become  more  concentrated.    At 

^  Les  ^poqiiee  g^logiqueB  de  TAuvergne,  I.,  page  465. 
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last  the  frequenoy  may  beoome  so  great  that  the  intervals  are 
almost  imperceptible  until  the  fissure  reaches  the  surface,  and  the 
igneous  matter  finds  a  vent  for  its  expansion. 

Of  course  the  sheet  of  igneous  magma  may  solidify  at  any  part 
of  its  journey  towards  the  surface  in  consequence  of — 

(a)  Loss  of  heat  from  conduction  away  by  the  surrounding 
rocks. 

{b)  Eaising  the  acquired  water  to  the  mean  temperature  of 
the  solution  of  silicates  in  which  it  is  dissolved. 

{c)  By  loss  of  heat  in  consequence  of  expansion  during  the 
extension  of  the  fissure. 

{d)  By  gradual  escape  of  water  in  the  form  of  steam  or 
vapour  through  fissures  so  supplying  fumaroli. 

{e)  By  convection  currents  of  waters  forming  Geysers  or 
thermo-mineral  springs. 

It  is  a  common  fact  that  the  water-bearing  qualities  of  different 
rock  strata  are  widely  different,  and  we  also  know  that  an  igneous 
dyke  may  traverse  an  alternation  of  more  or  less  permeable  strata. 
Where  the  supply  of  water  was  greatest,  conductivity  and  other 
things  being  equal,  there  would  take  place  the  greatest  amount  of 
diffusion  of  that  liquid  through  the  igneous  magma.  Were  this 
latter  a  perfect  fluid,  and  non-viscous,  the  more  aquifarous,  pro- 
bably lighter,  part  would  soon  diffuse  itself  in  aU  directions,  render- 
ing the  whole  a  homogeneous  mass.  We  know,  however,  that  all 
lavas  are  exceedingly  viscous,  especially  the  more  highly  silioious 
ones,  and  therefore  such  diffusion  would  take  place  very  slowly. 
This  would  be  aided  by  the  upper  part  of  the  column  being  lighter, 
from  that  portion  being  placed  under  the  more  favourable  condi- 
tions for  absorbing  water. 

The  more  porous  the  strata  the  greater  the  tendency  will  be 
for  the  conduction  away  of  the  heat  of  the  magma,  either  directly 
or  by  the  aid  of  convexion,  currents  of  water,  or  by  the  conversion 
of  tlie  latter  into  vapour,  where  pressure  is  so  low  as  to  permit  it. 

Kxtrusion  or  Eruption  of  the  Igneous  Magma  into  the  Atmosphere, 
— If  we  suppose,  simply  for  the  sake  of  brevity  of  argument, 
the  lava  canal  to  be  a  tube  of  uniform  size  between  the  source  of 
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igneous  matter  and  the  surface  (which,  however,  it  never  is),  and 
that  such  a  canal  traversed  rock  strata  of  different  permeability ; 
then  the  magma  enclosed  in  the  tube  would  consist  of  a  series  of 
more  or  less  saturated  aquiferous  strata,  superposed  on  each  other 
in  the  same  order  in  which  each  part  was  exposed  to  a  portion  of 
the  canal  wall.  Now,  should  a  sudden  exit  of  magma  occur  from 
the  tube  at  its  upper  extremity,  the  expansion,  or,  in  other  words, 
eruption,  would  take  place  with  a  violence  directly  proportional  to 
the  amount  of  dissolved  water,  and  the  temperature  of  that  por- 
tion of  the  mass  nearest  the  surface,  at  different  periods  of  the 
eruption.  The  eruption  will  therefore  lull  or  augment,  as  that 
portion,  being  expelled  origiually,  occupied  a  more  or  less  favour- 
able site  for  the  absorption  of  its  contained  volatile  matter.  The 
examples  given  at  the  end  of  this  Paper  seem  to  indicate  that  this 
departure  from  what  is  a  normal  type  of  eruption  of  a  truly  homo- 
geneous magma  is  of  rare  occurrence.  My  experience  in  the  field 
has  been  chiefly  drawn  from  the  basic  volcanoes  of  Vesuvius  and 
Boccamonfina  (Leucite  basalts),  Mt.  Vultura  (Hauyn  basalt), 
Mt.  Nuovo  (PhonoUte),  Yentotene  and  San  Stefano  of  the  Ponza 
group  (Andesite),  and  Ischia  (Trachyte).  Were  the  suppositions 
in  the  above  case  true,  and  were  the  entire  chimney  or  canal  com- 
pletely emptied  in  each  eruption,  then  we  should  expect  every 
stratum  of  ejectamenta  representing  an  eruption  to  be  composed  of 
a  series  of  components  alternating  with  each  other  in  direct  relation 
with  the  eruptive  variations,  and  with  the  structure  of  the  earth's 
crust  beneath  the  volcano.  Besides,  in  any  one  volcano,  we 
should  expect  each  stratum  of  pumice  to  be  made  up  of  analogous 
components  to  those  produced  during  eruptions  that  preceded  and 
followed  it,  indicating  the  same  train  of  variations  of  activity, 
which  is  not  the  case.  Geological  evidence,  so  far  as  denudation 
has  opened  up  to  our  examination  the  old  remnants  of  igneous 
dykes  and  chimneys,  leads  us  to  conclude  that  igneous  canals 
aasmne  very  irregular  shapes,  winding  about  where  least  resistance 
was  offered  to  their  extension,  but  nearly  always  assuming  the 
form  of  a  plate-like  mass  choking  a  fissure.  Such  fissure  we  know 
may  have  a  horizontal  extension  of  many  miles.  The  opening  or 
openings  at  the  surface  would  be  very  local,  and  therefore  the 
exit  of  the  igneous  matter  would  tend  to  take  the  form  of  a 
fan-&haped  current  with  the  point  of  orientation  at  the  exit.   Under 
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such  conditions  the  order  with  which  differently  exposed  parts  of 
the  fissure's  contents  reached  the  surface  would  be  most  oomplex, 
depending  on  a  large  number  of  collateral  circumstances.  The 
tendency  will  be  to  shade  oflf  sharp  irregularities  of  composition, 
and  render  the  magma  more  homogeneous. 

The  Main  Varieties  of  Vokanic  Outbursts. — Whatever  type  of 
activity  the  volcanic  outburst  may  have  taken,  we  have  only  so  far 
discussed  secondary  variations  therein,  and  it  now  remains  to 
explain  what  is  the  acting  cause  in  different  varieties  of  eruptions. 

It  is  necessary  that  we  diverge  from  our  train  of  argument  to 
refer  to  some  of  the  physical  phenomena  accompanying  the  relief 
from  pressure  of  a  superheated  liquid.  Sir  Q-.  B.  Airy  and  Prof. 
Eankine^  showed  that  in  the  explosion  of  a  steam  boiler  the 
destructiveness  was  not  due  to  the  expansion  of  the  steam  already 
existing  enclosed  within  it,  but  as  soon  as  the  pressure  on  the 
superheated  water-contents  diminishes,  that  liquid  undergoes  rapid 
and  violent  evaporation,  until  by  such  action  the  remnants  are 
reduced  to  the  normal  boiling-point  of  the  locality  of  the  boiler. 
Mr.  G-.  Biddle  has  demonstrated  that,  in  a  boiler  containing  steam 
and  water  at  a  pressure  equal  to  four  atmospheres,  when  the 
source  of  heat  was  removed,  and  the  pressure  suddenly  relaxed, 
one-eighth  of  the  whole  liquid  contents  was  immediately  converted 
into  the  gaseous  form.  Prof.  E.  H.  Thurston,'  who  has  lately 
worked  at  the  same  subject,  has  shown  that  although  the  energy 
stored  in  the  steam  contained  in  a  boiler  is  far  in  excess  of  that 
of  the  water  at  the  same  temperature,  the  amount,  by  weight  of 
the  latter,  is  often  proportionally  so  much  greater  that  it  repre- 
sents an  enormous  amount  of  stored  energy.  He  showed,  how- 
ever, that  as  the  temperature  rose,  the  more  the  energy  stored  in 
the  water  approached  that  of  the  steam :  at  50  lbs.  pressure  the 
ratio  is  20  to  1 ;  at  100  lbs.,  14  to  1 ;  at  500  lbs.,  6  to  1 ;  while 
at  7500  lbs.  the  two  quantities  become  practically  equal.  At 
60  lbs.  pressure,  1  lb.  of  steam  equal  -J-  lb.  of  gunpowder ;  but  at 
very  high  temperatures,  at  which  steam  and  water  are  equal  to 
each  other,  they  rival  gunpowder. 


*  Fhil.  Mag.,  November,  1863. 

3  Trans.  American  Soe.  of  Meehan.  Engineers,  1872 ;   and  Joum.  Branklin  Inst., 
December,  1872. 
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These  facts  are  of  extreme  interest  in  relation  to  volcanic 
activity.  At  the  enormous  pressure  and  temperature  that  an 
igneous  water-bearing  magma  may  exist,  the  dissolved  water 
eqiials,  or  exceeds  in  energy  the  same  weight  of  steam  or  gun- 
powder. We  also  see  that  the  crater-forming  and  eruptive  power 
will  be  in  direct  proportion  to  the  amount  of  superheated  water 
existing  in  the  magma ;  and  craterif orm  hollows  of  ten  miles  in 
diameter  are  not  difficult  of  comprehension.  In  fact,  it  seems 
somewhat  astonishing  that  such  excavations  are  not  far  greater, 
when  we  think  of  the  terrific  energy  that  may  be  stored  beneath 
ns  in  the  form  of  such  enormous  dykes  as  those  great  masses  of 
diabase  in  the  region  of  the  Hudson  river.  The  great  difference 
between  the  two  conditions  is,  no  doubt,  that  the  water  in  the 
boiler  is  perfectly  free  to  evaporate,  whereas  in  an  igneous  magma 
it  is  moleonlarlj  scattered  through  the  viscous  mass,  so  that 
although  the  energy  stored  in  equal  quantities  of  water  in  either 
condition  would  be  the  same,  the  dispersion  will  be  spread  over  a 
longer  time  in  the  cajse  of  the  paste,  due  to  retardation  of  escape 
in  consequence  of  viscosity. 

In  the  author's  recent  researches  on  the  past  and  present 
eraptive  phenomena  of  Vesuvius^  certain  important  facts  were 
brought  out  which  it  has  been  possible  to  confirm  in  a  large 
nxunber  of  instances  in  other  volcanoes.  When  this  volcano  is 
in  a  state  of  chronic  activity,  with  short  intervals  between  one 
eruption  and  another,  the  violence  with  which  the  ejections  take 
place  is  small  compared  with  what  occurs  after  long  periods  of 
quiescence.  Thus,  for  instance,  during  the  building  up  of  the 
old  mountain,  and  again  during  the  last  two  to  three  centuries, 
we  find  that  a  very  large  portion  of  the  products  consisted  of 
continuous  masses  of  lava,  whereas  in  the  great  explosions  that 
cxcayated  the  gigantic  crater  of  the  Atrio  del  Cavallo,  and  which, 
bom  the  intersixatification  of  vegetable  soils,  and  denudation 
marks,  are  proved  to  have  occurred  at  long  intervals  apart,  are 
Aaraoterized  by  deposits  of  spongy  pumice,  with  a  total  absence 
of  anything  but  fragmentary  products.  But  in  the  above  case  we 
bave  not  only  geological,  but  even  historical,  proof;  for  we  know 
that  at  least  for  many  centuries  before  a.d.  79  this  volcano  had 

*  Quart,  J  (mm,  Geol,  8oe.,  January,  1884. 
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been  apparently  extinct,  and  that  in  the  great  Plinian  eruption  we 
had  nothing  but  spongy  fragmentary  varieties  of  its  usual  igneous 
rook.  The  eruptions  that  followed  the  Plinian  one  occurred  at 
dimiDished  intervals,  and  so  the  more  did  their  products  approach 
in  structure  that  of  the  lava  of  chronic  activity,  until,  in  the  tenth 
century,  pumiceous  materials  formed  no  longer,  at  any  rate  as  far 
as  the  essential  ejectamenta  go,  the  products  of  these  eruptions. 
To  take  another  example,  the  precedents  and  whole  history  of 
which  is  pretty  well  known,  namely,  Monte  Nuovo.  We  find 
that  the  main  mass  of  the  mountain  is  built  up  of  pumice  in 
various  stages  of  comminution;  capped,  or  covered,  by  more 
compact  and  crystalline  scoria,  or  lava,  fragments,  which  were 
only  ejected  at  the  last,  when  the  volcano  tended  to  pass  into  the 
clironic  condition.  We  also  know  that  such  volcanoes  as  Tomboro, 
Krakatoa,  and  others  like  them,  after  a  long  quiescence  burst 
forth  with  an  amount  of  violence  to  cause  disturbances  throughout 
our  planet,  produce  ejectamenta  that  are  always  of  pumioeous 
character. 

These  facts,  I  think,  give  us  the  clue  to  the  real  sequence  of 
phenomena  which  lead  up  to,  and  result  in,  the  different  varieties 
of  eruption.  Let  us  suppose  that  an  extensive  igneous  dyke  has, 
from  some  circumstances  which  will  be  discussed  later  on,  become 
plugged  at  the  exit  on  the  earth's  surface.  The  part  of  the 
magma  that  retains  a  sufficiently  high  temperature  will  be 
gradually  absorbing  water;  and  as  assimilation  proceeds  the 
tension  of  the  magma  will  proportionally  increase,  and  the  tem- 
perature of  the  mixture  reduced,  so  that  in  some  cases  this  loss 
will  gradually  favour  solidification  of  portion  of  the  magma 
forming  the  crystals  of  the  felspars,  Amphibole,  Biotite,  and 
other  micas,  &c.  Such  a  state  of  things  will  go  on  until  one 
of  two  things  takes  place — either  the  loss  of  heat  be  such  that 
the  whole  igneous  mass  solidifies,  or,  on  the  other  hand,  the 
tension  overcomes  the  resistance,  and  an  eruption  takes  place. 

Other  things  being  equal,  we  should  expect  the  violence  of  the 
outburst  to  be  directly  proportional  to  the  length  of  contact  of  the 
igneous  magma  with  water-bearing  strata,  or,  in  other  words,  the 
longer  the  quiescence  the  greater  the  violence  in  the  subsequent 
eruption. 

The  diffusion  or  solution  of  water  through  the  igneous  magma 
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will  diminish  in  a  progressive  manner  as  saturation  increases.  The 
ftinomit  that  may  be  taken  up  is  demonstrated  by  the  enormous 
Tolumes  that  escape  during  an  eruption.  Were  it  possible  to  cal- 
culate the  amount  of  vapour  expelled  during  any  great  eruption, 
and  to  estimate  the  solid  ejectamenta — also  a  difficult  matter — ^these 
added  together  would  give  us  the  composition  of  the  paste  inmie- 
diately  before  its  expulsion,  unless  we  have  the  level  of  the  magma 
surface  below  that  of  the  drainage-line  of  the  country,  in  which 
case  the  vapour  would  be  increased  by  the  inpour  from  the  porous 
walls  of  the  chimney,  and  a  pulverization  of  such  water  similar  to 
the  action  of  a  spray  apparatus,  when  the  amount  of  vapour 
expeUed  might  be  enormously  augmented.  Such  calculations 
have  rarely  been  attempted.  Cavalleri^  estimated  that  from 
Vesuvius,  in  1856,  during  a  period  of  eighteen  months,  pending 
which  the  strombolian  state  of  activity  had  persisted,  that  no 
leGs  than  407  millions  of  cubic  meters  of  water  had  been  ejected 
in  the  form  of  vapour.  We  may  form  an  idea  of  the  mass  by 
imagining  a  lake  6i  kilometers  square,  and  10  meters  deep.  I 
cannot  form  a  just  conception  of  the  amount  of  vapour  issuing  from 
Vesuvius  on  the  above  occasion,  but  from  a  long  aud  intimate 
acquaintanoe  with  this  volcano  during  the  last  six  years,  it  seems 
to  me  that  the  above  calculation  is  greatly  in  excess  of  the  truth, 
such  a  result  being  quite  comprehensible  when  we  take  into  oon- 
sideration  the  almost  insurmountable  difficulties  of  finding  suitable 
data  to  go  upon.  If  we  form  a  conception  of  516,500  kilogranmies 
of  water  escaping  every  minute  in  the  form  of  vapour  from  an 
aperture  of  four  or  five  meters  in  diameter  at  the  most,  it  certainly 
seems  the  feeble  state  of  strombolian  action  would  be  out  of  the 
question. 

It  was  also  calculated''  that  22,000  c.  meters  of  water  were  daily 
dispersed  in  the  form  of  vapour  by  the  lateral  openings  of  Etna  in 
the  eruption  of  1865,  that  is,  equal  to  2,000,000  c.  meters,  for  109 
days  that  that  eruption  lasted.  This  estimation,  which,  I  believe, 
is  that  of  Fouqu^,  certainly  appears  more  reasonable  than  the 
fonner. 

*  CoDridenzioni  sul  vapore  e  consegaente  calore,  ftc.  'Memoir  read  in  the  Acoad. 
Fiao-inedieo-statistica  di  Milano,  December  27th,  1856. 

'  Quoted  by  M.  Gh.Y^laizi.  Lea  yolcans  ce  qii'ila  sont  et  ce  qu'ils  nous  apprenent 
Paris,  1S84,  p.  46. 
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One  is  apt,  however,  to  attach  a  greater  value  as  regards 
quantitj  to  volcanic  vapour,  from  the  peculiar  molecular  state 
which  it  assumes  immediately  on  its  escape,  which  is  probably  due 
to  conversion  of  the  steam  into  vapour,  by  the  process  investigated 
by  Dr.  Aiken.  Everyone  is  aware  that  our  breath  in  the  hottest 
weather  is  converted  into  a  white  cloud  when  near  the  vapour  of 
of  HCl.  Nevertheless,  whatever  value  we  may  put  upon  the 
above  calculation,  we  cannot  do  otherwise  than  comprehend  the 
very  large  amount  of  water  that  may  disengage  itself  from  the 
igneous  magma. 

In  the  case  of  a  fissure  whose  upper  limits  are  very  far  be- 
neath the  surface,  and  suddenly  extends  thereto,  we  should  expect 
the  eruption  to  be  less  violent  than  were  the  magma  in  closer 
proximity ;  since  a  large  part  of  the  energy  of  tension  would  be 
lost  in  the  expansion  in  injecting  the  extension  of  the  fissure. 

Conditions  which  may  determine  an  Eruption.  — In  a  large  number 
of  oases  the  gradual  increase  of  tension  in  the  confined  magma  may 
go  on  to  the  crisis  of  eruption.  But  in  certain  cases  the  intervention 
of  collateral  infiuences  may  anticipate  such  an  occurrence.  An  in- 
crease of  upward  pressure  from  the  main  volcanic  source,  dependent 
upon  secular  cooling,  tidal  acti^.n  (if  such  exists),  or  other  causes, 
may  be  sufficient  addition  to  the  amount  of  tension  already  exist- 
ing to  more  than  balance  the  resistance.  A  sudden  lowering  of 
atmospheric  pressure  may  be  sufficient  in  some  cases  to  render  the 
superincumbent  pressure  less  than  the  tension  of  the  igneous 
magma.  It  is  known  that,  as  the  rainfall  is  increased  in  the 
season,  the  drainage  level  of  a,  country  reaches  a  higher  line,  and 
therefore  the  superincumbent  pressure  increases;  and,  vice  versdy  the 
superincumbent  pressure  diminishes  during  a  drought,  so  that  a 
sudden  relief  of  pressure  may  be  the  metaphorical  last  straw. 

The  greater  the  height  in  a  temporarily  extinguished  volcano 
the  greater  the  weight,  or,  in  an  active  one,  the  greater  the  pres- 
sure of  the  superincumbent  column  of  lava  above  the  drainage 
level.*  We  might  therefore  say,  that  as  a  permanent  volcano  in- 
creases in  height  its  eruptions  will  diminish  in  frequency  to  increase 


^  Let  us  compare  the  height  of  a  column  of  phonolite  paste  of  100  (F)  meters  of  Honte 
Nuoyo  with  the  column  of  heavier  doleritic  paste  of  Etna  of  3300  meters,  when  we  see 
Hoi  this  is  an  important  factor  in  modifying  the  eruptive  character  of  a  volcano. 
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in  power — a  fact  thoroughly  borne  out  by  experience.     Under  the 

same  conditions,  in  a  lateral  opening  of  a  very  high  volcano,  such 

as  Etna,  the  amount  of  lava  will  be  greater  as  the  chimney  is 

higher  above  the  outlet,  since  it  will  hold  more.     But  beyond  this^ 

the  amount  of  output  will  be  more  than  that  contained  in  the 

diimney  above  the  level  of  exit,  but  also  indirectly  as  the  pressure 

of  that  amount  is  removed.     When  the  lava  pours  out  laterally 

from  the  chimney,  its  superincumbent  weight,  being  removed,  will 

allow  expansion  of  the  elastic  matter  below  the  level  of  exit,  so 

that  as  this  rises  to  establish  a  balance,  lava  will  oontinue  to  pour 

oat  from  the  lateral  outlet  until  total  equilibrium  is  obtained.    In 

this  way  the  amount  of  lava  spread  over  the  surface  will  be  much 

more  than  that  contained  in  the  chinmey  above  the  level  of  the 

ent    This  fact  I  have  been  able  to  verify  on  various  occasions  in 

the  recent  small  eruptions  of  Vesuvius,  which  are  in  many  ways 

more  instructive  than  great  ones  on  account  of  permitting  near 

approach  to  be  made.    This,  I  believe,  will  eventually  be  proved 

to  be  the  true  mechanism  of  lateral  eruptions.    As  examples,  we 

may  compare  the  bulk  of  the  lava  products  from  the  lateral  craterets 

of  Vesuvius  and  Etna. 

Conditions  which  determine  the  Extinction  of  a  Vokano. — We  have 
already  seen  how  a  dyke  that  has  not  manifested  itself  at  the  sur- 
face may  solidify,  and  so  divert  igneous  action  to  other  localities* 
In  the  case  of  explosive  eruption,  the  expansion  that  takes  place  in 
the  magma  increases  its  volume,  in  the  form  of  a  pumiceous  froth, 
to  such  an  extent  that  it  occupies  many  times  its  original  volume.^ 
A  large  portion  of  this  spongy  magma  escapes,  leaving  the  fissure 
still  filled  to  such  depths  as  to  the  point  where  expansion  would  be 
prevented,  choked,  as  it  were,  by  this  vesicular  paste,  which  may 
even  have  solidified  by  the  loss  of  heat  in  volatilization,  and  so 
may  effeotually  have  plugged  up  the  exit.  Some  such  process 
would  really  seem  to  occur  in  eruptions  like  those  of  Ejrakatoa. 
We  have  an  illustration  of  this  in  opening  a  bottle  of  champagne 
weU  vpf  in  which  case  more  than  half  the  liquid  contents  may 
escape  in  the  form  of  froth.  In  the  expanding  magma  there 
would  be  no  distinct  line  of  demarkation  between  the  pumiceous, 

'  The  Tolumfi  of  steam  at  100**  C.  is  1696  times  that  of  water  at  the  same  tempera- 
tan. 

L% 
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or  frothy  portion,  and  the  still  continuous  fluid  mass  beneath.  If, 
from  the  want  of  supply  from  below,  this  does  not  rapidly  rise 
and  issue  as  a  laya,  it  may  go  on  gradually  giving  up  its  dis- 
solved water  in  that  state,  and  by  loss  of  heat  may  solidify  and 
prevent,  at  any  rate  for  some  time,  eruption  at  that  particular 
volcanic  vent.  In  the  types  of  tranquil  activity,  either  strom- 
bolian  or  in  the  case  of  occasional  outpours  of  lava,*  we  have  three 
main  agencies  at  work.  In  the  first  place,  the  aqueous  matter 
contained  in  the  magma  will  be  dispersed,  proportionally  lowering 
the  temperature.  At  the  same  time,  the  magma  maybe  absorbing 
fresh  water,  raising  it  to  its  own  temperature,  and  eventually  con- 
verting it  into  vapour,  which  continues  to  escape  at  the  expense 
of  its  own  heat.  Last,  and  probably  least  important,  would  be 
the  conduction  and  convexion  near  the  earth's  surface  by  the 
subterranean  circulation  of  water. 

The  Presence  of  Volatile  Matter  in  Modifying  the  Structure  and 
Composition  of  Igneous  Rocks, — As  has  already  been  intimated, 
those  grand  explosive  eruptions  that  burst  forth  after  long  in- 
tervals of  complete  tranquillity  are  characterized  by  an  essential 
ejectamenta  of  vesicular  structure  and  fragmentary  state.  On 
the  other  hand,  chronic  activity,  even  when  it  increases  to  the 
stage  of  paroxysmal  outbursts,  is  equally  well  marked  by  the 
iOutiSiow  of  a  continuous  mass  of  igneous  magma,  or  what  is 
generally  known  as  lava.  The  vesiculur  rock  masses,  or  scoria, 
that  cover  lava  streams  are,  both  in  origin  and  structure,  widely, 
though  not  completely,  different  from  the  pumiceous  products  of 
the  first  kind  of  eruption.  These  assertions  hold  true  almost 
without  exception  in  the  case  of  basic  rocks,  and  are  exceedingly 
common  even  amongst  the  most  acid  ones.  Most  of  the  illustra- 
tions that  will  be  brought  forward  have  been  chosen  from  among 
basic  rooks,  since,  so  to  speak,  crisis  between  a  vitreous,  fine, 
.vesicular,  and  fragmentary  state  on  the  one  hand,  and  a  crystal- 
line compact  continuous  mass  on  the  other,  is  easily  attained,  and 
is  well  defined. 


^  The  paroxysmal  eruptionB  of  Scrope,  Volcanoes,  1828  and  1862. 
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From  this  Table  we  learn  that  a  series  of  intermissions  take 
place  in  the  activity  of  a  volcano;  that  following  these  inter- 
missions we  have  the  production  of  fragmentary  pnmiceous  ejeota- 
menta,  which,  by  gradual  stages,  pass  through  a  pumioeous  scoria 
0tage  to  that  of  true  lavas.  The  striking  resemblance  between 
the  phenomena  of  the  three  first-named  volcanoes  up  to  a  certain 
stage  cannot  but  strike  the  observer  as  very  remarkable,  and  opens 
a  wide  field  of  investigation,  for  it  is  quite  certain  that  similar 
^tages  in  each  of  these  volcanoes  were  not  contemporaneous. 

The  igneous  magma,  whilst  confined  below,  may  have  under- 
gone partial  crystallization  before  it  reaches  the  surface.  In  that 
case,  however  rapid  the  ejection  and  cooling  be,  the  ejectamenta 
will  always  contain  those  formed  materials,  as  seems  to  have 
been  the  case  with  sanidine,  amphibole,  and,  perhaps,  other  mine* 
rals  in  alll  the  pumices  of  Vesuvius,  Mt.  Vultura,  Boccamonfina, 
the  Gampi  Phlegrei,  Ischia,  &c.  In  case  of  the  magma  containing 
a  large  amount  of  diffused  water,  the  sudden  and  rapid  conversion 
of  this  into  the  gaseous  state  will  immediately  result  in  the  con- 
version of  the  magma  into  a  spongy  mass,  splitting  it  up  into 
fragments  of  various  sizes  by  the  partial  escape  of  the  gaseous 
contents,  and  rapidly  absorbing  an  enormous  amount  of  heat.  In 
consequence,  the  mass  solidifies  before  time  is  given  for  the  con- 
version of  the  vitreous  into  the  microcrystalline  or  crystalline 
state,  or,  at  the  most,  only  allows  such  to  take  place  imperfectly. 
As  a  result  of  the  rapid  solidification,  many  of  the  bubbles  of  gas 
are  unable  to  escape  from  the  mass,  except  where  near  the  surface. 
We  must  remember  that  the  change  of  pressure  is  not  only  from 
that  of  the  original  magma  to  that  of  the  atmosphere  at  the 
earth's  surface,  but  the  low  pressure  reached,  by  the  ejectamenta, 
many  thousands  of  feet,  or  even  some  miles  upwards,  to  which 
height  the  materials  are  projected;  and  even  if  that  were  not 
sufficient,  the  rapid  cooling  by  contact  with  the  cold  air  in  falling 
would  complete  the  refrigeration.  That  such  is  really  the  case 
we  have  certain  proof  of  in  the  preservation  of  organic  and  easily 
fusible  substances  of  Pompeii.  The  actual  physical  structure  and 
mineral  composition  of  a  pumice  will  depend  on — 

(a)  Composition  of  the  original  magma. 
(6)  Pre-emptive  temperature  of  same. 
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(c)  Amount  of  enolosed  volatile  matter. 

(d)  Amount  of  pre-emptive  crystallization. 
{e}  Rapidity  of  ejection. 

{/)  Height  of  projection. 
{ff)  Temperature  of  the  air. 

The  ejection  will  take  place  at  first  with  great  rapidity,  but 
will  diminish  as  the  tension  in  the  whole  unescaped  mass  is 
relie?ed.  But  beyond  this  the  upper  portion  of  the  injected 
igneous  magma  column  will  be  more  exposed  to  aquiferous  strata 
than  that  farther  removed  from  the  earth's  surface;  and  con- 
sequently the  expansion,  and  the  results  dependent  upon  it,  will 
be  most  marked  in  the  portion  of  the  magma  near  the  surface, 
and  also  it  is  probable  that  that  part  richer  in  water  will  be 
bghter,  and  rise  to  the  top  of  the  column.  This  part  having 
escaped,  those  portions  that  follow  it  will  be  hotter  from  di- 
minished loss  of  heat,  from  the  less  amount  of  diffused  water 
it  has  raised  to  its  own  temperature,  and  also  from  the  less  water 
to  be  converted  into  steam :  the  latter  will  escape  more  slowly, 
and  will  reach  a  less  height,  all  circumstances  favourable  to  the 
slower  cooling  and  less  vesicularization  of  the  magma.  The  con- 
sequence is,  that  we  must  expect  more  crystalline  and  denser  ejeota- 
menta  generally  in  larger  fragments,  which  I  have  called  pumiceous 
scoria.  Should  the  eruption  not  terminate  at  this  point,  the  con- 
ditions favourable  to  slow  cooling,  more  complete  crystallization, 
and  continuity  of  mass,  may  proceed  to  such  a  point  that  the 
igneous  magma  may  pour  forth  from  the  vent,  forming  lava 
streams  of  vast  extent,  so  that  years  may  be  occupied  in  cooling, 
or  the  magma  may  be  kept  simmering  in  the  volcanic  chimney, 
presenting  the  characters  of  strombolian  action.  Monte  Nuovo  is 
a  good  illustration  of  the  former  case,  although  the  lava  hardly 
reached  the  point  of  flowing  out  as  a  continuous  mass.  The  pro- 
gress of  events,  as  above  described,  is  fully  borne  out  by  the 
investigations  of  the  physical  structure  and  composition  of  rocks, 
whose  mode  of  formation  we  can  judge  of  by  historical  accounts, 
by  collateral  facts,  and  by  analogy.  I  first  discovered  that  an 
eruption  of  explosive  type  produced  a  deposit  of  pumiceous  nature, 
divisible  into  three  sections,  at  Vesuvius,*  and  I  have  been  able  to 


'  GeolosT  o^  ^t*  Somxna  and  VeBuyius,"  &c.,  Q.  /.  Oeol,  Soc,  Jan.  1884. 
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verify  the  same  facts  at  Boocamonfina,  Mt.  Yultura,  Monte  Naovo, 
San  Stefano,  Yentotene,  Ischia,  and  many  other  voloanoes,  in  at 
least  a  hundred  different  eruptions.  In  the  second  part  of  this 
paper  I  propose  to  bring  forward  typical  examples  from  each 
locality  in  illustration  of  this.  For  the  present,  however,  we  may 
state  the  divisions  as  follow : — 

1.  Ejection  of  vitreous  froth,  which  rapidly  soHdifies,  as  pumice ; 
aU  the  minerals  that  occur  crystallized  are  of  plutonic  separation, 
as  sanidine,  biotite,  amphibole,  &c. 

2.  Microcrystalline  pumice,  in  which  surface  cooling  has 
produced  pyroxene  and  leucite.  The  amount  of  vitreous  base 
diminishes  as  we  reach  the  top  of  this  division,  and  is  replaced 
"hj  formed  material. 

3.  The  pumiceous  ash-bed  in  which  the  cementing  vitreous 
base  is  nearly  all  destroyed,  so  that  cohesion  has  become  so  feeble 
that  the  formed  matter  separates,  producing  an  ash  composed  of 
crystals  and  microliths.  The  difference  is  very  similar  to  the 
results  of  crystallization  of  a  salt  in  the  form  of  large  crystals  by 
a  slow  process,  or,  in  the  preparation  of  the  granular  state,  by  a 
quick  one,  as  table  salt,  pure  Ferrous  sulphate,  and  oxalic  acid,  as 
they  are  met  with  in  commerce. 

The  increase  of  the  percentage  of  silica  has  the  effect  of 
rendering  acid-rocks  less  easily  crystallizable,  just  as  the  amor- 
phous form  of  sugar  retards  crystallization  of  other  bodies  with 
which  it  LB  mixed.  For  the  same  cause,  the  viscosity  of  the  rook 
is  increased,  so  that  the  escape  of  the  enclosed  gaseous  bubbles 
takes  place  with  greater  difficulty ;  and,  as  a  result,  the  pumiceous 
character  is  far  more  common  amongst  such  rocks. 

Mode  of  Formation  and  Structure  of  Scoria. — This  product, 
which  is  often  erroneously  grouped  together  with  pumice,  is  that 
spongy  variety  of  lava  which  covers  or  underlies  a  stream.  When 
the  magma  does  not  contain  sufficient  volatile  constituents  to  tear 
it  asunder  before  it  issues  from  the  volcanic  vent,  it  will  pour 
down  the  slopes  of  the  cone,  giving  up  what  remnants  of  aqueous 
matter  are  still  dissolved  within  it.  Should  this  be  considerable  in 
amount,  and  the  temperature  of  the  lava  rather  low,  in  basic 
examples  we  shall  get  an  irregular  broken-up  cinder-like  mass, 
that  will  continue  to  float  on  the  surface,  and  cover  it  in  some 
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cases  to  a  great  thickness.  Prof.  Judd,  who  fully  appreciates  this 
faot,  gives  a  striking  example  of  this  side  hj  side  with  an  equally 
interesting  illustration  of  the  opposite  condition.  On  the  contrary, 
Aould  a  basic  magma  be  remarkably  devoid  of  dissolved  water,  its 
surface  will  not  be  broken  up,  and  it  will  assume  forms  like  any 
other  viscid  body  in  movement.  In  the  case  of  a  water-bearing 
add  lava,  the  scoria  surface  will  be  much  thicker,  on  account  of 
the  difficulty  with  which  the  gaseous  materials  escape  in  con- 
sequence of  the  viscidity  of  the  paste;  whilst  in  nearly  non- 
aquiferous  acid  lavas  the  surface  figures  that  result  will  be  more 
marked,  and  more  characteristic  of  an  intensely  viscous  magma, 
as  illustrated  in  the  mammelon  volcanoes,  such  as  the  islands  of 
Reunion,  Hawaii,  the  obsidian  stream  of  Vulcano,  or  some  of  the 
central  French  groups.  On  the  other  hand,  the  Yesuvian  lavas  of 
1868  and  1872,  as  pointed  out  by  Judd,  are  respectively  typical 
of  aquiferous  and  non-aquiferous  magmas,  which  may  be  further 
illustrated  by  the  trachyte  of  Monte  Olibano,  and  the  Lava  del' 
Ano  of  Ischia. 

From  the  mode  of  formation  of  scoria  we  must  expect  it  to 
exhibit  two  very  marked  differences  in  structure  and  mineral  com- 
position from  pumice.  In  the  latter  the  vesicular  cavities  are  of 
all  sizes,  ranging  down  to  the  minutest  dimensions,  which  are  the 
most  abundant  and  marked  characteristic  of  pumice.  This  is  due 
to  the  intermolecular  separation  of  steam  and  its  union  aopra  loco 
into  vesicles  of  varfring  dimensions.  In  the  case  of  the  scoria, 
the  gases  are  derived  from  the  whole  thickness  of  the  subjacent 
IsvB,  which,  in  rising  in  the  mass,  further  unite  together,  so  that 
the  cavities  are  rarely  of  microscopic  size,  and  may  reach  very  great 
dimensions ;  and  tmlees  the  bubbles  be  of  a  certain  size,  the  large 
area  of  their  surface  in  proportion  to  their  volume  increases,  so 
that  the  friction  is  so  much  that  they  could  not  rise  in  the  viscid 
nutts.  In  the  case  of  pumice  we  have  the  vesicular  structure 
developing  in  a  complete  or  nearly  vitreous  magma,  which  is  the 
principal  cause  of  rapid  solidification ;  but  in  scoria  the  bubbles  of 
hot  gas  that  rise  from  the  bottom,  which,  from  being  more  pro- 
tected, is  the  hottest  part,  through  a  magma  already  far  advanced 
in  crystallization,  would  help  to  prevent  or  ward  off  the  cooling  of 
the  surface.  Besides,  the  scoria  will  cool  slowly,  resting  as  it  does 
on  the  surface  of  a  highly-heated  mass.     We  therefore  may  sum 
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up  by  stating  that  pumioe  is  filled  by  yesioles  of  all  sizes,  but 
mostly  small,  and  approaches  the  vitreous  state,  whilst  scoria  only 
contains  vesicles  of  large  size,  and  approaches  a  crystalline  structure. 
The  ejectamenta  during  strombolian  action  is  a  true  scoria,  being 
dependent  upon  borrowed  steam  that  rises  in  the  magma  column, 
and  forms  the  vesicles. 

In  lavas  the  presence  of  vesicular  cavities  is  no  proof  of  the 
actual  amount  of  original  vapour,  for  the  latter  wiU  be  allowed  to 
more  easily  escape  in  a  microcrystalline  mass,  such  as  that  of  1631 
of  Vesuvius,  which  is  a  very  compact  rock,  yet  gave  forth  enormous 
quantities  of  vapour  as  almost  to  resemble  the  explosive  type  of 
eruption.  The  lava  of  1858,  which  is  rich  in  large  leucite  crystals 
and  much  interstitial  glass,  is  a  remarkable  spongy  structure, 
because  its  viscid  nature  prevented  the  escape  of  the  few  included 
bubbles  of  vapour,  which,  compared  with  others,  was  remarkably 
small  in  quantity  in  that  eruption,  affording  compact  types  of  lava 
surface.  This  escape  of  vapour  may  so  separate  the  constituent 
minerals  of  a  scoria  surface  as  to  leave  it  in  a  perfectly  incoherent 
and  pulverulent  state.  This  I  have  seen  in  some  of  the  trachytes 
of  Ischia,  and  of  the  Solfatara  (Monte  Olibano). 

Another  fact  is,  that  lava  as  it  pours  out  that  portion  which  is 
nearer  the  surface  will,  in  all  probability,  be  the  richest  in  water,  and 
will  produce  a  stream  thickly  covered  with  scoria.  But  as  the  portion 
which  comes  from  greater  depths  rises  it  will  have  been  exposed 
for  less  time  to  aquiferous  rocks,  and  in  consequence,  containing 
less  water,  will  produce  a  smoother-surfaced  stream.  This  was 
remarkably  the  case  in  the  Vesuvian  eruption  of  1855  ;*  the  first 
streams  that  issued  were  much  rougher  than  those  at  a  later  date. 

The  conditions  under  which  the  composition  of  Igneous  Mocks  is 
modified, — One  of  the  most  vexed  questions  in  geology  is  undoubt- 
edly that  of  the  variation  in  an  igneous  rock,  and  more  especially 
with  regard  to  its  chemical  than  its  mineral  composition.  Space 
forbids  here  to  enter  fully  into  the  theory  of  stratification  of  mag- 
mas, as  represented  by  Von  Richlhofen  and  others.  No  distinct 
division  can  be  drawn  between  rocks  derived  from  the  most  acid, 
and  the  ultrabasie  magmas,  showing  that  they  can  mix  in  all  pro- 
portions.    Then  again,  whatever  be  the  silicates  we  may  fuse 

^  Memoiria  s.  Incend.  Vesuvioj  1855,  G.  Guarini,  L.  Palmieri,  and  A.  Scacchi. 
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together,  none  of  them  separate  from  each  other,  however  long  they 
may  be  kept  in  the  fluid  state.  Thirdly,  all  magmas  may  be 
looked  npon  as  originally  mixtures  of  fused  oxides,  some  basic  and 
other  acid,  it  is  true ;  but  in  either  extreme  types  there  is  a  certain 
amount  of  intermixture.  We  find  such  substances  as  the  fats, 
mineral  oils,  chloroform  separating  from  water,  or  mercury  from 
either ;  but  we  must  remember  that  these  incompatibles  are  built 
up  of  molecules,  arranged  on  entirely  different  plans,  which  is  not 
the  case  with  the  constituents  of  volcanic  rocks.  It  may  seem  im- 
probable, but  I  feel  sure  that  time  will  show  that  the  active  cause 
of  various  rock  composition,  at  any  rate,  to  a  certain  extent,  will  be 
proved  to  result  from  some  chemical  changes  brought  about  between 
an  isolated  portion  of  an  orig^al  common  magma  and  the  neighbour- 
ing rocks.  Also  the  infiltration  of  saline  solutions  may  result  in 
the  bases  of  the  contained  salts,  combining  with  the  silica,  and 
liberating  the  original  acids.  The  facts  that  support  such  a  theory 
are  certainly  few,  but  also  those  that  can  be  urged  against  it  are 
equally  so,  and  in  most  cases  can  be  answered.  Thus,  for  instance, 
when  great  dykes,  such  as  those  that  traverse  the  north  of  England 
for  miles,  change  little  their  composition ;  and  we  hear,  even  at  a 
most  recent  date,  such  an  authority  as  Mr.  Teall  arguing  against 
this  theory ;  it  does  seem  in  a  tottering  state.  We  must,  however, 
remember  that  in  most  cases  we  are  only  able  to  examine  a  dyke, 
over  any  large  area,  in  its  horizontal  extension ;  but  what  is  really 
necessary  would  be  to  investigate  such  sheets  of  rock  in  their  verti- 
tioal  extension.  There  are  examples  in  various  parts  of  the  world 
were  dykes  that  extend  to  some  distance  show  alteration  in  compo- 
sition as  the  rocks  traversed  change  in  character.^  Yon  Buch  and 
others  have  shown  that  in  the  Tyrol  granite  veins  gradually  pass 
into  basalt  ones,  when  traversing  dolomitio  limestone.  The  basalts 
of  the  Cyclopean  Islands  that  are  intrusive  in  a  clay  are  most 
markedly  altered  where  the  dykes  are  thinnest.  It  has  been  shown 
that  the  great  Whin-Sill  has  swallowed  up  beds  roughly  equal  to 
its  own  thickness.  On  theoretical  grounds  we  could  easily  under- 
stand an  acid  lava  taking  up  limestone  with  its  impurities,  and 

^  X.  8.  Shaler.  *<  PropositionB  conoeming  the  ClaBsification  of  Lavas,  considered 
with  reference  to  the  Circumstances  of  their  Extmsion." — Anniversary  Memoir t  of  the 
Botton  Society  of  Natural  Bittory,  1880. 
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becoming  more  basio,  and  thus  reducing  its  temperature  whilst  it 
became  more  fluid.  If  this  were  the  case  we  can  understand  that 
further  action  on  limestone  would  be  limited  by  saturation  of  the 
magma  with  lime  and  its  low  temperature.  It  therefore  seems 
that  we  should  look  more  to  granite  and  its  deriyative  as  fuses  of 
limestones  than  to  basic  rocks.  Why  should  not  the  basalts  of 
Mull  be  the  result  of  the  contact  of  the  granites  with  the  under- 
l3dng  limestones  P  I  have  brought  the  subject  forward,  not  with 
the  intention  of  offering  new  evidence,  but  to  again  direct  attention 
to  such  an  important  branch  of  vulcanological  science. 

Let  us  now  turn  our  attention  to  the  mineral  composition  of  an 
igneous  rock.  Any  given  magma  will  produce  rocks  of  the  most 
varied  character,  according  to  the  conditions  under  which  consoli- 
dation takes  place.  Thus,  for  instance,  a  given  dyke  of  magma 
might  be  a  granite  near  its  origin,  higher  up  its  sides  or  whole  may 
be  pitchstone,  and  its  centre  a  liparite  or  porphyry,  whilst  at  the 
surface  it  would  present  itself  as  vitreous  pumice  and  ash,  an 
obsidian  or  a  quartz  trachyte.  It  has  been  observed  that  granite 
veins  branch  out,  and  the  ramifications  may  assume  the  type  of 
felsite,  which  is  of  course  dependent  on  the  more  rapid  cooling,  just 
as  in  the  case  of  the  salband.  Again,  we  have  a  series  of  grada- 
tions from  a  true  leucitic  basalt,  such  as  the  recent  lavas  of  Vesuvius 
to  a  sanidine  porphyry,  to  a  highly  crystalline  syenite  containing 
leucite,  but  more  commonly  nepheline  in  the  rocks,  composing  the 
ejected  blocks.  The  generalization  based  upon  the  geological  ages 
being  characterized  by  different  types  of  rocks  is  false,  and  is  no 
doubt  due  to  the  depth  to  which  denudation  has  extended.  It  is  a 
general  fact  that  the  slower  the  cooling  takes  place  the  more  perfect 
will  the  cystallization  be.  This  we  have  already  spoken  of  when 
treating  of  the  difference  in  the  amount  of  gaseous  constituents  in 
a  magma  which,  by  bringing  about  great  rapidity  of  cooling  in 
explosive  eruptions,  makes  the  products  tend  to  an  amorphous 
rather  than  a  crystalline  condition.  One  remarkable  fact  well  borne 
out  by  the  lavas  derived  from  the  different  eruptions  of  Vesuvius 
is  that  the  size  of  the  crystals  are  much  greater  in  the  little  oozing 
forth  of  a  small  quantity  of  lava  from  the  crater  than  in  the  great 
outpoors.  This  will  be  evident,  as  in  the  first  case  the  lava  has 
been  in  a  state  of  simmering  in  the  upper  part  of  the  chimney  for 
a  long  time,  and  will  have  been  loosing  its  heat  in  a  very  gradual 
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manner,  so  that  such  minerals  as  leucite  and  pyroxene  at  Vesuvius, 
or  the  latter  mineral  at  Stromboli,  are  able  to  gradually  increase  in 
size  and  perfection,  which  will  proportionally  diminish  the  crystal- 
luability  of  the  remaining  vitreous  matter.  Professor  Samuel 
Hanghton^  has  shown  that  the  remaining  paste  consists  of  a  very 
fusible  basic  glass  with  an  approximate  composition  of  2E0,  SiO' 
oontaining  much  iron  protoxide.  On  the  other  hand,  a  large  supply 
of  lava  brought  up  from  below  with  considerable  rapidity  has  little 
time  for  the  growth  of  individual  crystals,  but  the  whole  mass 
undergoes  a  microcrystalline  change  until  no,  or  very  little,  vitreous 
matter  remains  to  feed  the  further  increase  of  individual  crystals. 
We  have  a  parallel  in  such  a  case  as  the  following : — If  we  make  a 
solution  of  some  salt  very  soluble  in  boiling  water,  but  very  slightly 
80  in  cold,  and  we  cause  such  a  solution  to  cool  moderately  quickly, 
the  salt  will  separate  itself  in  a  granular  crystalline  state ;  but  if 
Bach  cooling  be  made  to  take  place  gradually  during  many  days, 
▼eiy  fine,  perfect,  and  large  individuals  will  replace  the  granular 
types.  Now,  when  a  nucrocrystallization  takes  place,  it  will  so 
separate  the  remaining  vitreous  material  that  even  under  the 
microscope  little  will  be  discernible,  so  that  it  is  very  difficult  to 
detect  it  or  appreciate  its  amount.  But  where  suitable  conditions 
favour  the  growth  of  large  crystals  in  a  similar  magma,  the  vitreous 
matter  that  remains  will  be  more  concentrated,  and  therefore  more 
apparent  both  to  the  naked  eye  and  under  high  magnifying  powers. 
The  histological  character  of  any  cooled  magma,  with  regard 
to  its  mineral  components,  is  a  question  of  profound  interest, 
which,  up  to  the  epoch  of  the  attempts  of  artificial  reproduction 
of  different  types,  aided  by  microscopical  research,  remained  a 
yerj  obfioure  subject.  When  we  have  to  deal  with  the  fused  com- 
ponents of  any  single  mineral  in  a  pure  state,  the  researches  of 
Messrs.  Fouque  and  L^vy  demonstrated  that,  so  far  as  laboratory 
experinaents  go,  the  critical  point  of  crystallization  is  near  that  of 
the  fusing-point  of  a  mineral.  We  should,  therefore,  expect  that 
in  a  leucitic  lava,  the  leucite  would  be  first  to  separate  as  crystals, 
to  be  followed  by  felspars,  and  last  by  pyroxene.  It  is  a  well-* 
known  fact  that  some  of  these  crystallized  simultaneously.     This 

^  "Bepoit  on  the  Chemical,  Mineralogiical,  and  MicroBcopioal  characters  of  the 
Uva<  of  VesuviuB  from  1G31  to  1868.'*-.-2V<im«.  Rot/.  Jt\  Acad.,  vol.  xxvi.,  p.  141. 
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is  most  strikingly  illustrated  by  a  ooarse  leuoitio  lava  exposed  near 
Orchi,  on  the  volcano  of  Eoccamonfina,  where  leucites,  some  two 
or  three  centimeters  in  diameter,  enclose  many  large  and  perfect 
crystals  of  sanidine  and  pyroxene,  which,  in  some  oases,  are 
entirely  enveloped,  or  protrude  a  short  distance  from  their  surface. 
We  might,  with  such  a  series  of  contradictions,  feel  inclined  to 
give  up  further  experiments  in  the  laboratory.  Before,  however, 
let  us  compare  what  has  been  done  by  the  chemist,  and  see  if  it  is 
borne  out  by  rocks  as  presented  to  our  observation  by  nature.  We 
will  commence  by  recalling  the  interesting  researches  of  Sir  James 
Hall,*  who  noticed  that  if  such  igneous  rocks  as  whinstones  and 
basalts  were  fused  and  cooled  quickly,  a  glass  resulted ;  but  by 
keeping  them  near  fusion-point  {recuitoi  modem  French  authors), 
or  allowing  them  to  cool  slowly,  a  crystalline  structure  resulted. 
These  experiments  were  followed  up  by  Ghregory  Watt,*  who  went 
a  step  farther,  and  demonstrated  that  the  sp.  gr.  increased  in  pro- 
portion to  the  prolongation  of  cooling. 

The  absence  of  nucroscopioal  research  prevented  any  important 
inferences  from  being  drawn  from  these  early  experiments,  and  it 
was  not  till  the  investigations  of  Daubr^e,  HautefeuiUe,  Freidel, 
Sarasin,  Fouque,  Michel  L^vy,  and  others  that  much  advance 
was  made.  These  authors'  found  that  by  recuity  more  or  less 
prolonged,  the  following  minerals  might  be  obtained  from  their 
fused  chemical  components  : — Peridote,  pyroxene,  nepheline,  leu- 
cite,  triclinic  felspars,  mellilite,  gehlenite,  and  sphene;  whilst 
from  mixtures  not  corresponding  to  the  mineral  obtained  the 
following  were  prepared : — Tridymite,  oxides  of  iron,  and  perov- 
skite.  Many  of  the  first  group  are  obtainable  from  indefinite 
mixtures.  It  is  this  latter  point  that  is  undoubtedly  the  true  key 
to  this  enigma  of  the  different  results  in  nature,  and  in  the 
laboratory. 

It  will  be  convenient  to  take  up  the  principal  rock-forming 

^  **  Experimentfl  on  Whinstones  and  Lava,  1798  ;**  and  also  Trans.  Boy.  Soe.  Sdinb. 
1805,  vol.  v.,  pp.  8  and  66. 

3  «  ObserTations  on  Bas^alt  and  the  Transition  from  the  Vitreous  to  Uie  Strong  Tex- 
ture which  occurs  in  the  gradual  Refrigeration  of  the  Melted  Basalt,  with  some  Geolo- 
gical Remarks."— P/«7.  Tram.,  1804,  p.  279. 

'  Encycl.  Chimique,  tome  ii.,  Metalloids.  I*'  Appendice.  Repix)daction  Aitific«l 
des  mineiaux  e  roches.    L.  Bourgeois,  p.  10* 
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minerals  one  by  one  and  compare  their  occnrrenoe  in  nature  with 
their  reproduction  artificially. 

Peridote  was  obtained,^  amongst  other  methods,  by  recuity  at  a 
white-red  heat,  of  the  elements  of  a  basalt,  exactly  identical  in  all 
oharaoters  with  what  occurs  in  nature.  This  mineral  occurs 
naturally  in  two  forms.  The  first  are  irregular  nodular  masses, 
found  as  bombs,  or  entirely  enveloped  in  the  lava.  From  their 
huge  size  they  must  have  required  a  long  time  to  crystallize,  which 
took  place  in  all  probability  before  the  extrusion  of  the  magma. 
They,  no  doubt,  resulted  in  some  cases  by  actual  crystallization 
from  the  igneous  matter ;  but,  I  beUeve,  by  far  the  larger  part 
are  nothing  more  than  a  very  advanced  metamorphism  of  a 
dolomite;  for  amongst  the  ejected  blocks  of  Monte  Somma  or 
Boocamonfina  we  may  obtain  all  gradation  between  the  original 
sedimentary  rocks  and  these  masses  of  pure  olivine.  The  most 
conmion  form,  in  a  petrological  point  of  view,  is  the  disseminated 
grains  that  often  go  to  make  up  a  rock.  These  are  seen  to  be 
nearly  always  one  of  the  first  conversions  of  the  amorphous  paste 
mto  formed  material.  Yet  the  actual  conditions  suitable  to  its 
ayetallization  are  not  quite  clear ;  for  we  find  lavas  ejected  from 
the  same  volcano  abound  with  it  sometimes,  and  at  others  it  is 
quite  difficult  to  find.  So  far  as  my  observations  go,  it  favours  the 
basic  rockfi  of  fine-grained  structure,  and  especially  those  that 
have  cooled  quickly  from  a  very  high  temperature,  although  it 
Beems  capable  of  increasing  in  size  during  slow  cooling  from  a 
veiy  high  temperature,  in  consequence  of  the  lava  stream  being 
very  deep.  This  is  the  case  with  some  very  coarse  lavas  of 
VesuviuSy  such  as  that  of  Pompeii  and  Oistema,  which  contain 
some  crystals  a  centimeter  long. 

Amphibole, — This  mineral  has  baffled  all  the  attempts  of  the 
chemist  to  prepare  it  artificially  otherwise  than  as  a  sublimation. 
Whenever  its  elements  were  fused  separately,  or  a  complex  mix- 
ture, was  fused,  the  only  product  was  its  ally — pyroxene.  Our 
entire  acquaintance  with  amphibole  indicates  it  as. a  mineral  crys- 
tallized under  pressure,  and  probably  from  an  aquiferous  magma. 
Its  continual  occurrence  in  syenites  and  allied  rocks  show  it  to  be 
easily  orystallLzable  under  the  conditions  which  these  rocks  came 

»  Fouque  and  M.  Levy.     Bull.  Soc.  Min.  1881,  t.  iv.,  p.  275. 

Digitized  by  LjOOQ IC 


144  Scientific  Proceedings^  Royal  Dublin  Society. 

into  existence.  I  have  found  it  in  basic  pumices  continually 
accompanying  orthoclase  (of  which  we  shall  speak  next)  in  the 
more  vitreous  and  early  stage  of  the  explosive  eruption  ejecta- 
menta  of  Vesuvius,  Eoccamonfina,  &c.  In  the  later  stages  of  the 
same  eruption  it  does  not  appear  to  have  increased  in  size  or 
abundance,  whilst  it  is  often  enveloped  in  pjrroxene;  and  this 
latter  species  is  spread  throughout  the  mass,  increasing  in  propor- 
tion as  the  rock  approaches  the  lava  type.  This  is  the  more 
remarkable,  because  we  know  that  amphibole  is  more  fusible  than 
pyroxene ;  whereas,  if  we  exclude  change  of  pressure,  &c.,  it 
should  have  crystalUzed  later.  This  fact  alone  is  quite  sufficient 
to  disprove  any  relationship  between  the  f  using-point  of  a  mine- 
ral and  its  order  of  crystallization.  Where  amphibole  is  found 
in  a  lava,  we  have  evidence  that  it  existed  as  such  before  the 
eruption  of  that  material.  It  is  not  at  all  an  uncommon  mineral 
lining  vesicular  cavities ;  but  it  there  shows  itself  to  have  been 
deposited  by  sublimation,  which  is  borne  out  by  its  discovery  under 
similar  conditions  in  some  furnace  scorias.^ 

Orthoclasiic  felspar  was  obtained  by  M.  Stanislaa  Meunier* 
by  fusion  and  subsequent  recuit  of  acid  rocks.  The  product, 
however,  only  consisted  of  crystalline  concretions,  having  the 
composition  of  orthoclase.  Microliths  only  rewarded  the  efforts 
of  Messrs.  Fouqu^  and  M.  Levy'  after  a  long  recuit  of  eight 
days.  These  facts  are  thoroughly  borne  out  by  the  basic  pumioes. 
Those  that  were  cooled  very  rapidly  in  the  first  eruptive  stage 
exhibit  large,  well-formed  crystals  of  sanidine  associated  with 
amphibole,  showing  the  similar  conditions  under  which  the  two 
minerals  were  formed.^  In  the  latter  stage  of  these  eruptions  the 
large  crystals  have  not  increased  in  number  or  size  (P) ;  but  from 
the  slower  cooling  a  few  microliths  have  formed.  Another  proof 
is  to  be  found  in  the  occurrence  of  fragments  of  a  porphyritic 
rock,  which  is  only  the  pumice  magma  that,  in  some  outlying 
fissure,  haa  cooled  under  pressure,  and  in  some  cases  undergone 
secondary  alteration.     This  shows  the  sanidine  crystals  still  larger 

1  M.  L.  Bourgeoifi,  Op.  cit.,  p.  119. 

'  Comptes  rendus,  1880,  t.  xc,  p.  1009. 

'  Comptes  rendus,  1878,  t.  Ixxzvii.,  p.  700. 

*  Whether  theee  are  really  orthodastic  ia  generally  a  very  difficult  matter  to  deter- 
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and  more  perfect.     This  rook  may  be  traced  by  gradations  to  a 
syenite-like  rock,  in  which  the  amorphous  magma  is  entirely  con- 
Terted  into  formed  matter.     In  the  basio  lavas,  which  are  identical 
in  oomposition  with  the  above  pumices,  the  sanidine  only  occurs  as 
very  small  crystals  or  microliths,  as  the  magma  rising  quickly  to 
the  surface  has  little  time  to  partially  crystallize  under  pressure* 
On  the  contrary,  after  extrusion,  the  lava  will  cool  very  much 
dower  than  the  pumice,  so  that  the  prolonged  recuit  will  be  highly 
{avourable  to  development  of  orthoolase  microliths,  and  even  small 
crystals.    These  facts  are  well  borne  out  by  Vesuvius  in  its  pumices 
and  modem  lavas,  whilst,  the  outflows  of  Phase  /F.,  following 
immediately  on  a  pumiceous  phase,  hold  an  intermediate  place 
with  regard  to  their  monoclinic  felspars.    It  is  not  an  uncommon 
thing  in  basio  pumices  to  find  sanidine  ^  crystals  eroded,  enclosed  in 
others,  which  in  turn  may  exhibit  eroded  surfaces,  and  again  be 
enclosed  in  a  third  crystalline  shell  with  well-defined  facets.    The 
orientation  of  each  crystal  being  different  from  that  which  it  coats, 
or  is  covered  by.     It  is  evident,  therefore,  that  this  mineral  must 
have  undergone  a  series  of  vicissitudes  which  must  have  taken 
a  far  longer  time  than  was  occupied  in  the  eruption  and  cooling  of 
this  product  of  an  explosive  eruption,  and  must  have  required 
more  quietness  than  could  occur  in  the  expansion  and  ejection  of 
pumice.    This  latter  example  I  take  to  be  an  important  argument 
in  favour  of  the  hydro-thermal,  or  plutonic,  formation  of  ortho- 
clastic  felspar  in  a  magma  cooling  under  great  pressure.    Another 
&ct  also  of  deep  interest  is  the  very  extensive  replacement  of 
sanidine  in  the  Vesuvian  pumices  of   Phases  III.  and  IV.,  by 
leudte  in  those  of  Phase  VII.  and  the  lavcuB,  as  these  are  the  two 
principal  competitors  for  the  potftsh.     If  the  granite  and  syenites 
of  the  Yal  di  Fassa,  and  the  latter  of  Skye,  described  by  Scrope 
and  Qeikie  respectively,  are  really  subaerial  expansions,  which 
I  doubt,  we  must  suppose  them  to  have  been  nearly  completely 
crystallized  before  eruption.     Porphyries,  no  doubt,  are  erupted 
granites,  which  had  undergone  much  crystallization  before  their 
ejctrusion.      Even  in  the  most  vitreous  rocks,  such  as  the  obsidian 
and  obsidian  pumice  of  lipari,  where  the  latter,  although,  as  a 

*  H.  J.  1.  L.     •'Geology  of  Mt.  Sonmia  and  VeBuyius,"  &c.  Q.  J,Q.  S.,  Jan.,  1884, 
p.  71. 
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whole,  a  highly  vitreous  mass,  contains  large  crystals  of  sanidine 
scattered  through  its  mass. 

Triclinic  felspars. — Other  felspars,  such  as  labradorite,*  were 
produced  by  a  recuil  of  some  days ;  but  large  crystals,  such  as 
are  met  with  in  the  Etna  lavas,  do  not  so  far  seem  to  have  been 
obtained.  Such  a  result  is  easily  explicable,  when  we  are  informed 
that  to  produce  a  microlith  some  days  are  required,  whereas  we 
know  that  even  after  the  expulsion  of  the  lavas  of  Etna  many 
months  or  years  are  requisite  for  their  cooling,  so  that  recuit  may 
be  prolonged  far  beyond  the  limits  within  which  we  can  experi- 
ment. If  a  large  stream  of  lava,  such  as  issued  from  Etna  in 
1669,  be  examined,  it  will  be  found  that  even  that  j^hich  was 
cooled  immediately  contains  crystals  of  labradorite,  which  indi- 
cate the  plutonic  origin  of  that  mineral,  or  that  the  magma  had 
been  undergoing  a  prolonged  recuit  in  the  upper  part  of  the  chim- 
ney. Specimens  taken  from  the  centre  of  some  of  the  thicker 
parts  of  the  stream  far  from  its  source,  and  which  must  have  been 
long  in  cooling,  we  find  the  crystals  of  that  felspar  therein  con- 
tained have  attained  greater  dimensions,  thereby  indicating  that 
under  favourable  circumstances  this  mineral  may  undergo  further 
growth  after  extrusion  of  the  lava.  A  similar  occurrence  I  have 
noticed  at  Vesuvius.  At  Oistema  is  a  gigantic  lava  stream  that 
is  known  to  be  more  than  half  a  kilometer  broad,  and  its  depth 
beneath  is  unknown,  although  it  is  quarried  to  a  depth  of  twenty 
meters,  at  a  distance  of  more  than  ten  kilometers  from  the  original 
eruptive  axis  of  the  mountain.  Now,  of  all  the  lavas  of  Monte 
Somma  this  is  the  most  extremely  crystalline  one,  all  its  constituents 
being  of  very  large  size,  and  practically  all  the  amorphous  paste  has 
passed  into  a  crystalline  condition.  So  far  as  is  known,  this  is  the 
greatest  outpour  that  ever  occurred  from  this  mountain ;  and,  no 
doubt,  in  consequence  of  its  enormous  thickness,  being  unrivalled 
by  any  modem  stream,  a  very  long  time  must  have  been  occupied 
in  its  cooUng,  conditions  highly  favourable  for  the  production  of 
a  coarse  structure.  When  small  streams  dribble  from  the  crater 
after  prolonged  strombolian  action,  the  structure  also  is  often 
very  coarse,  as  the  part  of  the  lava  column  in  the  chimney  has 
been  gradually   loosing  its  heat.       Anyone   who  visits  Monte 

*  Fouque  and  I/evy,  Comptes  rendus,  1878,  t.  btxxvii.,  p.  700. 
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Somma  may  have  noticed  that  most  of  the  lavas  along  its  crest 
are  ooarse-grained,  whereas  most  of  those  near  the  toe  are  fine- 
giained.     The  reason,  as  at  present  with  YesuviuSy  is  obvious. 

From  the  almost  impossibility  of  artificially  producing  the 
felspars,  Delesse,^  Daubr^e,'  and  Sorby,'  assert  that  they  must  be 
the  result  of  hydrothermal  origin.  Whether  the  actual  presence 
of  water  is  necessazy  directly,  or  only  as  the  means  of  increasing 
the  tension  and  pressure  in  the  magma,  seems  at  present  un- 
answerable. 

Anorthite  was  the  most  easily  obtained,  and  corresponded  in 
characters  exactly  with  the  same  mineral  in  lavas  that  have  con- 
fiolidated  near  the  surface.  This  mineral,  as  is  well  known,  is 
rarely  met  with  in  true  plutonic  rocks. 

Quartz  appears  never  to  have  been  produced  artificially,  ex- 
cept from  solution  in  water  of  silicates  of  a  glass  at  a  high  tem- 
perature and  pressure  by  Daubr^e ;  and  from  the  abundance  of 
fluid  cavities  seems  to  be  the  result  of  (in  rocks)  hydrothermic 
origin  under  very  great  pressure. 

LeucitCy  although  a  mineral  of  local  occurrence,  is  of  deep 
interest  to  the  petrologist.  It  has  never  been  met  with  amongst 
furnace  slags,  except  as  a  sublimation.  M.  Hautefeuille^  obtained 
measurable  crystals  by  fusion  of  the  components  of  leucite  in 
Tanadate  of  potash.  Fouqu^  and  M.  L^vy'^  obtained  by  igneous 
fusion  and  recuit  without  a  flux.  With  the  components  of  leu- 
cite alone  it  was  impossible  to  obtain  the  mineral,  and  this  could 
only  be  done  by  taking  equivalent  components  of  a  mixture  of 
that  mineral  and  pyroxene.  This  is  a  most  important  fact  that 
again  helps  to  clear  away  the  veil  of  mystery  which  overhangs 
the  genesis  of  many  silicates.  Most  substances  can  be  obtained 
crystallized  by  one  or  more  of  four  principal  methods — from  sub- 
limation, by  fusion,  by  evaporating  a  solution,  and  by  cooling 
down  a  solvent.  The  necessary  temperature  is  highest  for  the 
first,  less  for  the  second,  and  very  much  the  lowest  for  the  third 
and  fourth.     Sulphur,  to  be  obtained  in   crystals  from  fusion, 

>  Bull.  8o€.  OeoL,  1867  and  1868,  vol.  xv.,  p.  728,  757,  769. 

'  Rapport  8ur  lea  progr^s  de  la  geologic  ezperimentale,  1867,  pp.  63  and  84. 

'  Brii.  Jmoc.  BeparU,  1880. 

*  Annalea  Scient.  de  TEcole  norm.  sup.  2nd'8eri68,  yoL  iz.,  1880. 

'  Comptea  rendua,  1878.  t.  IxzzTii.,  p.  961. 
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requires  a  temperature  of  at  least  115°  C,  whereas  by  solution  in 
carbon  bisulphide  we  may  obtain  crystals  far  more  perfect  at  the 
ordinary  temperature  of  the  air.  We  must,  therefore,  look  upon 
leucite  as  dissolved  in  a  medium  which  is  liquid  at  a  bright  red 
heat,  and  only  gives  up  this,  as  well  as  other  minerals,  by  a  lower- 
ing of  temperature,  in  the  same  way  that  a  mixed  boiling  satu- 
rated solution  of  salts  of  various  solubilities  separate  out  (far 
below  their  fusing-point)  as  the  solvent  cools.  Precipitation 
might  also  depend  upon  withdrawal  from  the  mixture  of  one 
or  more  of  its  elements  for  the  formation  of  a  mineral  that  has 
already  commenced  to  separate.  If  we  take  a  solution  of  mercuric 
biniodide  in  a  solution  of  potassic  iodide,  and  add  some  substance 
that  will  seize  upon  the  iodine  in  the  latter  salt,  such  as  argentic 
nitrate,  we  have  an  immediate  precipitate  of  the  mercuric  bin- 
iodide  proportional  to  the  amount  of  potassic  iodide  broken  up. 
Stoppani  gives  the  example  of  nitrate  of  potash  dissolved  in  water, 
which  is  precipitated  immediately  if  alcohol  is  added.^  The  fact, 
therefore,  of  leucite  crystallizing  far  below  its  fusion-point  proves 
the  solution  of  that  mineral  in  that  glass  or  some  other.  This 
would  explain  the  crystallization  of  the  two  minerals  simultane- 
ously, as  at  Eoccamonfina ;  for  as  the  lowering  of  temperature 
took  place  in  the  magma  as  the  pyroxene  crystallized  out,  the 
remaining  would  become  supersaturated  with  leucite,  which 
would  have  to  separate.  We  might  possibly  imitate  this  con- 
dition in  freezing  a  saturated  solution  of  a  salt  in  water.  It  is 
also  possible  that  the  leucite  does  not  form  until  the  potassic 
chloride  in  the  magma  has  been  broken  up,  and  the  HCl  has 
escaped  in  the  vapour. 

In  the  formation  of  rocks  we  have  a  process  of  fractional  ex- 
haustion of  the  original  amorphous  medium,  in  which  secondary 
combinations  can  hardly  be  conceived  to  take  place  until  some 
portion  assumes  definite  crystalline  form,  the  kind  of  which  will 
depend  upon  the  elements  that  enter  into  the  composition  of  the 
mixture,  and  the  train  of  conditions  which  that  undergoes  in 
passing  from  a  higher  to  a  lower  temperature.  Starting,  for 
example,  from  an  amorphous  mass  of  fused  silicates,  we  may 
suppose  that  condition  1  is  favourable  to  the  formation  of  mineral 


>  Corso  di  Geologla,  vol.  iii.,  p.  131. 
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fi,  but  as  this  separates,  A  can  no  longer  remain  in  solution,  so 
this  also  separates  until  the  magma  is  deprived  of  as  much  of  the 
elements  as  these  minerals  A  +  B  can  take  up,  and  the  glass  is 
then  suitable  for  the  growth  of  C  which  comes  next,  and  in  its  turn 
may  be  followed  by  D,  and  so  on.  The  resulting  rook  will  be 
composed  of  the  minerals  A  +  B  +  C  +  D,  &o.  Let  us  again  start 
with  the  same  magma,  and  suppose  that  condition  2  comes  into 
play,  which  is  favourable  to  the  formation  of  A,  which  will  separate, 
exhansting  the  magma  to  a  point  that  it  is  suitable  to  the  forma- 
tion of  X,  in  preference  to  any  other,  which  now  carries  the 
exhaustion  on,  till  the  magma  approaches  Y  in  composition,  which 
in  turn  continues  the  exhaustion,  till  the  unformed  material  is 
suitable  for  the  crystallization  of  D.  We  should  thus  obtain  a 
rock  containing  the  minerals  A  +  X  +  T  +  D,  both  of  which  would 
be  identical  in  ultimate  chemical  composition.  Now,  condition  1 
may  have  been  favourable  to  rapid  expansion,  and  eruption  such 
as  pumice  results  from,  whilst  condition  2  we  may  take  to  represent 
the  gentle  outflow  of  lava.  The  reality  of  this  somewhat  rough 
illustration  will  be  more  apparent  if  we  compare  the  vitreous 
pumices  of  Phases  IIL  and  VI.  of  Monte  Somma,  in  which  leucite 
is  absent,  and  sanidine  abundant,  with  the  highly  leucitic  baseJt 
lavas  of  the  same  volcano,  in  which  sanidine  at  the  most  is  a  very 
unimportant  element,  remembering  at  the  same  time  the  practi- 
cally complete  identity  in  chemical  composition  of  the  mass  of 
either.  An  interesting  point  in  connexion  with  this  is  the  fact  that 
Messrs.  Fouqu^  and  M.  L^vy  obtained  a  leucitic  rock  from  fusing 
together  orthoolase  and  biotite.  Prof.  Samuel  Haughton^  was,  I 
believe,  the  first  to  treat  the  mineralogical  composition  of  a  lava 
on  the  principle  of  the  exhaustion  of  the  element  of  the  magma  or 
paste,  the  different  minerals  competing  for  certain  oxides  which 
are  necessary  for  their  formation,  so  entirely  devoting  himself,  vyith 
remarkable  ingenuity  to  the  chemical  side  of  the  question,  but 
disregarding  the  physical,  which,  however,  hardly  entered  into  the 
scope  of  the  subject  discussed.  We  must,  however,  not  forget  the 
burying  conditions  under  which  cooling,  in  an  igneous  rock,  takes 
place,  such  as  time,  pressure,  water,  volatile  acids,  and  their  corre- 
sponding salts,  which  must  be  most  important  elements  in  modify- 


1  Op.  cit.  pp.  68  and  138. 
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ing  the  ultimate  mineralogioal  oompoBition  of  the  Bolidifying  rock. 
Let  lis  take  two  groups  of  the  mineral  elements  of  Yesuvian 
essential  ejeotamenta;  we  have  leucite  antagonistic  to  amphibole, 
nepheline,  and  mica,  all  competing  for  the  potash.  Now,  in  the 
pumices  of  the  great  explosive  eruptions  of  Phases  HI.  and  VL  we 
find  amphibole,  sanidine,  and  biotite  using  up  the  potash,  and 
being  the  principal  crystalline  ingredients,  whereas  in  the  lavas 
that  cooled  under  quite  different  conditions  we  find  these  minerals 
reduced  to  a  minimum,  whilst  all  the  potash  has  been  seized  upon 
by  the  leucite,  and  sometimes  a  little  nepheline.  How  can  we 
account  for  such  phenomena,  otherwise  than  in  change  of  condi- 
tions P  Again,  we  find  pyroxene,  antagonistic  to  olivine,  amphi- 
bole,  and  biotite,  competing  for  the  magnesia.  Again,  in  the 
Yesuvian  pumices,  amphibole  and  mica  prevail,  as  these  had  pro- 
bably formed  under  great  pressure,  whilst  in  the  same  pumices  that 
escaped  more  slowly,  and  in  the  lavas,  it  is  the  pyroxene  that  mono- 
polized the  magnesia.  "We  know  that  olivine  (P),  amphibole,  and 
biotite  are  met  with  in  their  greatest  perfection  in  plutonic  rocks, 
whilst  pyroxene  is  remarkably  characteristic  of  rocks  slowly  cooled 
near  the  surface,  and  under  low  pressure.  The  fact  of  the  former 
of  these  having  resisted  all  attempts  at  artificial  production  points 
to  conditions  which  have  not  yet  been  adopted  in  the  laboratory, 
whilst  leucite  and  augite  are  produced  with  ease  and  certainty. 
We  therefore  must  conclude  that  antagonism  of  mineral  species  in 
crystallizing  from  a  medium  depends  not  only  on  the  composition 
of  that  medium,  but  also  of  the  surrounding  physical  conditions. 
Prof.  Haughton^  admits  that,  according  to  his  theory,  olivine  ought 
to  prevail,  as  it  has  only  to  contest  for  iron  and  magnesia,  whilst 
pyroxene,  amphibole,  and  biotite,  are  weakened  in  the  additional 
fight  for  lime  or  alumina.  He  attempts  to  explain  this  by  a 
theoretical  principle  which  he  calls  that  of  minimum  pa^te,  which 
would  not  have  been  requisite  had  the  physiccd  conditions  been 
taken  into  account.  Again,  this  theory  in  its  incomplete  form  is 
proved  insufficient  by  the  joint  author,  Prof.  E.  Hull,*  in  the  same 
memoir,  although  it  was  undoubtedly  a  great  step  in  the  direction 
of  an  important  principle. 

1  Op.  cit.  2  Op.  cit.,  p.  141. 
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M.  Bourgeois^  aooounts  for  the  orystals  of  pyroxene  in  leuoite 
to  be  the  crystallization  of  the  glass  cavities.  This  is  obviously 
not  the  case,  for  the  following  reasons  : — In  the  leucites  of  Bocca- 
monfina  and  Vesuvius  the  crystals  of  pyroxene  entirely  traverse, 
project  their  ends  on  each  side,  whilst  the  leuoite  material  is 
accurately  nioulded  on  the  crystal  facets  of  the  pyroxene,  which 
form  leucite  could  not  give  to  a  glass  space.  Besides,  many 
pyroxene  orystalB  bear  no  relation  whatever,  either  in  size  or 
position,  to  the  remaining  cavities,  which  themselves  do  not  show 
such  crystallization.  Their  crystals  are  often  imbedded  in  the 
leadte  mass,  and  project  into  a  glass  cavity,  the  latter  portion 
being  no  thicker  than  the  former,  which  was  entirely  enveloped  in 
the  leucite  mass.  Where  much  growth  of  crystals  in  glass  cavities 
take  place,  that  portion  surrounded  by  the  vitreous  paste  of  the 
glass  cavity  should  have  increased  in  size.  That  the  artificial 
conditions  employed  in  the  laboratory  fairly  represents  the  natural 
ones  in  the  production  of  leucite  there  exists  little  doubt ;  the  varia- 
tions in  temperature  were  just  such  as  we  meet  with  in  the  forma- 
tion of  that  mineral  at  Vesuvius.  Besides,  the  two  minerals  were 
identical  in  crystallographic  characters,  both  externally  and  inter- 
nally, as  seen  by  polarized  light,  and  also  the  great  resemblance 
as  exhibited  in  the  strata  of  glass  cavities. 

That  leucite  may  separate  or  any  rate  increase  in  size,  after 
expulsion  of  lava,  seems  to  be  demonstrated  by  the  observation  of 
Scaochi,'  that  the  scoria  of  the  lava  of  1855  did  not  contain  large 
crystals,  and  that  in  the  lava  the  distribution  of  them  was  irregular, 
which  seems  to  show  that  recuit  at  least  increased  their  size. 

In  describing  leuoite  I  have  considerably  erred  from  the  direct 
road,  led  on  by  the  train  of  argument,  based  principally  on  the 
physical  and  chemical  properties  of  this  interesting  mineral. 

Biotitey  though  commonly  met  with  in  volcanic  rocks,  could 
not  be  obtained  as  a  distinct  form  by  Messrs.  Fouqu^  and  M. 
L^vy.  In  lavas  we  generally  meet  with  this  mineral  in  large, 
well-formed  crystals,  as  also  in  pumices.  In  some  basic  pumices 
of  Monte  Somma  {Phase  III.)   very  beautiful  hexagonal  micro- 


^  Encycl.  GhinL,  vol.  ii.,  Metalloids,  I**'  Appendice.    Reprod.  Artif.  des  Boches, 
p.  212. 

2  Guariniy  Falmieri,  Scacchi.    Mem.  Sul.  Inoend*  Yesuy.i  1865,  p.  152. 
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lithio  plates,  and  small  crystals  may  be  seen  scattered  throughout 
the  magma,  and  often  enclose  crystals  of  orthoolase.  In  the  more 
highly  crjrstalline  pumices  and  lavas  this  mineral  occurs  generally 
as  well-formed  crystals.  Although  it  is  not  very  uniform  in  its 
occurrence,  I  am  disposed  to  regard  it  rather  as  pre-eruptive  in 
formation,  or,  at  any  rate,  in  part. 

Magnetite  is  another  mineral  that  cannot  be  obtained  by 
simple  fusion,  but  requires  solution  in  a  fused  medium,  from 
which  it  separates  during  cooling  within  a  great  range  of  tem- 
perature,* provided  the  formation  of  other  minerals  renders  the 
magma  supersaturated,  from  time  to  time,  with  this  oxide,  so  that 
various  crops  of  crystals  may  result,  forming  so  laajij  periods  of 
consolidation.  This  is  the  only  way  we  can  explain  its  formation 
as  with  quartz,  leuoite,  &c.  Scheerer  pointed  out  long  ago 
the  granite-forming  minerals  separated  inversely  to  their  fusion- 
points. 

Pyroxene^  as  well  known,  is  a  common  product  in  furnace 
slags,  and  is  easily  obtained  by  simple  fusion  of  its  elements  with 
a  very  short  recuit,  Messrs.  Fouque  and  M.  L6vy  found  it  to  be 
produced  in  a  microlithic  condition  after  a  few  moments'  recuit, 
and  prolonging  this  a  little,  fine  crystals,  such  as  are  met  with  in 
volcanic  rocks,  were  obtained.  Such  a  fact  convinces  us  of  the 
extreme  rapidity  with  which  basic  pumices,  at  any  rate,  must 
have  passed  from  the  fluid  to  the  solid  condition,  as  in  many  of 
the  Italian  basic  volcanoes  the  first  products  of  some  of  their 
explosive  eruptions  were  practically  without  even  microliths  of 
pyroxene,  striking  examples  of  which  are  to  be  met  with  in  the 
deposits  of  Phase  i//.,  period  1,  and  Phase  F/.,  periods  1  and  3, 
of  Monte  Somma.  The  above-mentioned  authors  found  the 
limit  of  temperature  rather  wide  in  which  this  mineral  crys- 
tallized, which  accounts  for  its  inclusion  in  others  that  separate 
at  rather  higher  temperatures.  The  pyroxenic  glass  seems  to  be 
the  principal  medium  in  which  the  other  silicates  and  oxides  are 
dissolved  in  basic  rocks,  whereas  an  acid  felspathic  glass  seems 
to  perform  the  same  function  in  acid  ones. 

We  may  regard  the  magma  from  which  results  an  igneous 
r  )ck  as  a  variable  mixture    of  acids  and  bases,  as  pointed  out  by 


^  Bull.  Soc.  G-^ol.  2«'  serie,  torn.  iv.  page  478, 
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Abioh.  Now,  as  consolidation  takes  place,  great  excesses  of 
either,  especially  the  feebler  ones,  such  as  magnetite,  are  com- 
pelled to  separate ;  and  as  the  rook  completes  its  crystedlization, 
the  excesses  of  either  form  the  last  crystals,  imless  the  rock 
suddenly  cools  before  all  the  vitreous  matter  has  been  converted 
into  formed  material.  Thus,  in  the  acid  rocks  we  have  quartz,  and 
in  the  basic  ones  magnetite,  being  the  last  formed  minerals, 
although  the  two  most  infusible  of  rock-forming  minerals,  which 
alone  is  sufficient  to  demonstrate  that  fusion-point  has  little  or 
nothing  to  do  with  the  order  of  separation  of  the  minerals.  We 
should  therefore  be  more  justified  in  determining  whether  a  rock 
should  be  regarded  as  acid  or  basic  by  its  microscopical  structure, 
than  by  adopting  60  per  cent,  of  sUioa  as  rigidly  dividing  the  two, 
since  the  different  bases  vary  much  in  alkalinity,  and  combining 
proportions,  and  a  magma  containing  60  per  cent,  of  silica,  might 
give  an  acid  or  an  alkaline  reaction,  according  to  the  quantities  of 
different  bases  it  contained. 

limit  of  space  prevent  further  consideration  of  the  different 
mineral  species  which  go  to  make  up  igneous  rocks ;  the  above,  being 
most  oommon,  are  sufficient  to  indicate  the  line  of  argument 
followed  out.  Before,  however,  quitting  the  subject,  there  is  one 
more  point  worthy  of  our  consideration  in  relation  to  the  separation 
of  mineral  species  from  a  solvent.  Different  species  have  been 
easOy  obtained  from  fusion  of  their  components  in  a  saline  sub- 
stance, suob  as  a  chloride  or  sulphate.  Thus,  for  instance,  M. 
Lediartier'  obtained  pyroxene  in  crystals,  a  centimeter  long,  by 
fusion  for  a  couple  of  bours  in  calcium  cbloride,  or  sodium  sulphate. 
Li  the  same  way  wollastonite,  apatite,^  and  many  other  minerals 
have  been  obtained  by  E.  Belmen  as  very  perfect  crystals  from 
solution  in  fused  chlorides,  and  other  salts,  such  as  vanadates. 
These  facts  go  to  confirm  what  has  been  said  about  the  solution  of 
the  more  infusible  silicates  in  the  more  fusible  ones,  and  at  the 
same  time  may  account  for  the  occurrence  of  some  minerals  that 
are  eruptive,  or  post-eruptive,  in  time  of  their  formation.  The 
large  amount  of  sulphates,  but  especially  chlorides,  that  are  vapor- 


*  Comptes  rendus,  1868,  vol.  Ixvii.,  p.  41. 

2  1^  Bourgeois,  Eacycl.  Chim.,  vol.  ii.,  I^'  Appendice.     Reprod.  Artif.  desEochee, 
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ized  during  an  eruption  is  hardly  credible  until  a  few  facts  convince 
us  that  such  is  the  case.  I  have  seen  fumarole  chimneys  having 
in  a  short  time  their  whole  interior  glazed  by  a  mixture  of  chlorides, 
one  to  three  centimeters  thick,  and  from  the  intense  heat  as  trans- 
parent as  an  ice  covering,  which  was,  without  doubt,  the  result  of 
sublimation,  and  not  decomposition,  as  the  rocks  upon  which  it  was 
deposited  were  quite  unaltered.  Another  proof  of  the  large  amount 
of  saline  substances  ejected  by  a  volcano  is  the  quantity  met  with 
in  the  falling  ashes  during  a  lava  eruption.  The  outburst  in  1872 
produced  an  ash  asserted  by  Prof.  Palmieri^  to  be  poorer  in  soluhle 
constituents  than  any  other  since  1855,  yet  it  contained  from  4  to 
9  per  cent,  of  saline  matter,  chiefly  sodio  chloride.  As  this  erup- 
tion was  lateral,  the  principal  part  of  the  ash  was  derived  from  the 
crater  edges  and  chimney  walls,  which  would  tend  to  lower  the 
amount  of  soluble  portion. 

It  was  observed  in  the  eruption  of  1855'  that  the  alkaline 
chlorides  were  only  evolved  sometime  after  the  lava  had  been  cool- 
ing— that  is  to  say,  saline  crusts  only  formed  around  the  f  umaroles 
at  a  late  date ;  and  I  have  noticed  the  same  thing.  Scacchi  sup- 
posed that  it  may  be  a  spontaneous  rise  in  temperature  in  the  lava 
in  cooling,  similar  to  that  developed  in  phosphate  of  lead,  nitrate 
of  copper,  or  argentic'  iodide  when  passing  from  the  amorphous  to 
the  crystalline  condition.  Or  again,  to  their  early  union  with 
other  elements  of  the  lava.  This  may  possibly  be  so,  the  combi- 
nation being  broken  up  by  a  lowering  of  temperature  (P),  leaving 
the  chlorides  free  to  be  sublimed.  It  seems  to  me  that  the  chlorides 
must  be  continually  escaping,  but  that  they  are  not  deposited  until 
the  scoria  and  fumarole  sides  are  cooled  enough  to  allow  such  to 
occur.  The  liquids  included  in  cavities  in  crystals  are  generally 
solutions  of  chlorides  or  sulphates. 

There  is  little  doubt  that  these  saline  materials  must  form  a 
very  important  constituent  of  the  magma ;  but  whether  they  play 
much  part  as  a  solvent  medium  for  certain  minerals  is  a  thing  yet 
to  be  experimentally  verified,  though  one  is  inclined  to  think  that 
they  really  do  perform  a  very  important  function  in  that  way. 

1  Annali  del  Reale  Oaserv.  Meteor.  Vesuviano,  1874,  p.  73. 
>  Guarini,  Palmieri,  Scacchi.    Mem.  s.  Incend.  Vesuyiano  del  mere  di  Maggio, 
1855,  &c.,  pp.  141,  143,  and  149. 

3  G.  F.  RodweU,  Phil  Tram,  i?.  S,,  Part  iii.,  p.  1134. 
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One  point  open  to  speotdation  is  whether  the  presence  of  sodio  and 
potasdo  chlorides  and  sulphates  is  not  the  determining  cause  as  to 
whether  the  magma  shall  contain  leucite  haiiynite,  nosite,  or 
BodaKte.  For  instance,  we  find  Monte  Vultura  producing  at 
different  epochs  basalts,  leucitio  basalts,  and  haiiynite  basalts, 
which  might  result  from  the  accidental  introduction  of  such  salts 
&om  the  sea  or  other  sources.  We  might  suppose  that  the  salts 
are  decomposed  and  dispersed  as  acids,  whilst  the  bases  are  seized 
upon  by  the  silicic  acid  which,  in  a  magma  at  high  temperature, 
has  powerful  acid  properties,  and  so  forms  minerals  of  the  leucite 
or  felspar  groups. 

In  this  Paper  I  have  brought  together  a  considerable  number 
of  observations,  and  endeavoured  to  glean  from  them  the  clue  to 
some  of  the  most  important  problems  of  geological  science.  The 
tiam  of  argument  is  somewhat  disorderly;  but  from  the  large 
number  of  circumstances  that  enter  into  the  question  of  the  forma- 
tion of  igneous  rocks,  the  subject  is  difficult  of  arrangement.  It  is 
unmistakably  evident  that  if  the  young  science  of  petrology  is 
mtended  to  be  carried  beyond  the  simple  dry  description  of  rock 
masses,  it  must  be  brought  to  bear  upon  the  various  modifications 
and  derivatives  of  them,  in  any  given  district,  and  also  that  it  will 
never  supersede  field  investigation  ;  but  by  the  two  going  hand-in- 
hand  they  may  open  the  doors  and  show  us  the  secrets  of  Nature's 
great  chemical  laboratory — our  globe. 
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XVm.— ON  THE  PEEMANENOY  OF  FROST-MARKS,  AND  A 
POSSIBLE  CONNEXION  THEREWITH  WITH  OLD- 
HAMIA  RADIATA  AND  0.  ANTIQUA.  By  J.  JOLY, 
B.E.,  Assistant  to  the  Professor  of  Engineering,  Trinity 
College,  Dublin. 

[Read,  March  24,  1886] 

The  object  of  this  note  is  more  to  draw  attention  to  a  line  of 
inquiry,  possibly  not  unfruitful,  than,  with  the  present  amount  of 
evidence,  to  demonstrate  any  hypotheses.  The  experiments  neces- 
sary to  throw  light  on  the  hypothesis  suggested  demand  more 
time  than  I  will  for  many  months  be  able  to  spare.  Some  few 
experiments  have,  indeed,  been  made,  and,  for  more  than  a  year 
seeking  for  leisure  to  continue  them,  I  have  postponed  bringing 
the  very  simple  matter  before  the  Society. 

In  the  Christmas  holidays  of  1884, 1,  in  company  with  some 
friends,  was  engaged  on  a  short  excursion  through  the  Go.  Wicklow. 
The  weather  was  frosty,  freezing  at  night,  and  thawing  by  day  in 
the  sunshine.  There  had  been  rain,  and  the  roads,  where  the  thaw 
prevailed,  were  soft  and  muddy.  In  this  mud,  just  outside 
Eoundwood,  we  noticed  very  regular  marks,  evidently  left  by 
the  frost.  The  frost  was  gone,  and  the  mud  was  soft  and  wet ; 
but  in  ruts  and  empty  pools,  wherever  a  smooth  surface  obtained, 
the  frost  had  channelled  its  impress.  The  appearance  was  that  of 
tufts,  regularly  radiating  from  a  centre  in  rays  which  straggled 
over  the  slime  in  long  tendrils,  these  being  again  often  sub- 
divided into  more  numerous  tendrils.  The  effect  produced  so 
closely  resembled  the  tufted  appearance  of  Oldhamia  radiatay  that 
the  thought  was  immediately  suggested  of  the  possible  common 
origin  of  the  two,  and  I  drew  the  attention  of  my  companions  to 
the  resemblance,  which  one  of  them,  Mr.  Crosthwaite,  was  well  able 
to  appreciate,  being  familiar  with  tlie  Oldhamia  marks. 

Similar  marks  were  subsequently  met  with  in  abundance  that 
day,  and  again  noticed  in  Qlendassan  the  ensuing  day.  I  have 
since  observed  them  after  every  frost. 
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How  the  marks  are  caused,  it  is  not  hard  to  understand.  If  a 
mrface  consisting  of  loose  small  particles,  holding  water  in  the 
interstices,  be  exposed  to  a  low  temperature,  certain  of  the  more 
prominent  particles,  exposing  a  capillary  surface  of  water  more 
freely  than  their  neighbours,  become  centres  of  crystallization, 
from  which  crystallogenesis  is  propagated,  the  molecular  forces  at 
work  being  sufficient  to  disturb  the  loose  sand  particles,  so  that 
they  shall  take  up  a  position  accommodating  to  the  form  and 
direction  taken  by  the  ice  spicules.  These  spicules,  or  rays, 
would,  if  forming  freely,  extend,  indeed,  ever  as  straight  lines ; 
but  here,  hampered  by  the  jamming  or  fixity  of  occasional  par- 
tides,  they  wander  minutely,  now  diverted  a  little  in  one  direction, 
and  again  in  another,  so  that  the  sharp  definition  of  crystalline 
shape  becomes  modified  into  a  straggling  growth,  resembling  the 
radiate  straggling  of  Oldkamia  radiata. 

There  is  another  conspicuous  variety  of  Oldhamia,  known  as 
Oldhamia  antiqua.  I  traced,  indeed,  some  marks  remotely  resembl- 
ing this ;  but,  although  we  might  a  priori  expect  such  a  form  to 
occur,  I  have  not  succeeded  in  finding  anything  fairly  resembling 
it  since,  nor  have  I,  in  the  few  experiments  made,  succeeded  in 
reproducing  it.  These  experiments  consisted  in  washing  out  the 
finer  constituents  of  some  earth,  and  exposing  this,  while  saturated 
with  water,  to  frost.  I  also  froze  a  slab  artificially,  by  placing 
immediately  above  it,  in  a  well-padded  box,  a  metal  tray  contain- 
ing a  freezing  mixture :  freezing  was  produced  by  radiation  from 
the  surface  of  the  mud  to  the  bottom  of  the  tray,  which  was 
ooated  with  lamp-black.  In  this  way,  it  was  hoped,  the  conditions 
obtaming  in  nature  would  be  preserved.  In  general,  marks  more 
or  less  resembling  the  Oldhamia  radiata^  were  easily  obtained,  but 
the  Oldhamia  antiqua  could  hardly  be  said  to  be  reproduced.  I 
Baid  that  we  might  expect  a  different  result.  This  will  appear  if 
we  oonsider  the  simple  arrangement  of  such  marking — a  zigzag  of 
nearly  straight  lines,  with  tufts  at  the  bends  or  meeting-points. 
How  such  an  arrangement  might  occur  in  the  case  of  fine  sand, 
interspersed  with  larger  particles,  is  quite  conceivable.  Finally, 
anyone  who  has  observed  closely  the  symmetrical  forms  of  frost 

, I 

i 

*  This  is  by  far  the  more  common  variefy.  I 
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on  smooth  surf  aoes  will  not  think  it  improbable  that  on  the  sur- 
face of  fine  sand  we  should  find  it  simulating  organic  form. 

My  failure  in  obtaining  the  0.  antiqua  artificially  may  have 
been  due  to  the  texture  of  sand  employed,  to  its  degree  of  satura- 
tion, or,  possibly,  to  the  nature  of  the  matter  dissolved  in  the 
water.  Thus,  it  might  not  be  amiss  to  try  experiments  on  the 
freezing  of  sea- water  in  mud  or  fine  sand ;  and  a  sand  made  of 
the  Silurian  slate  itself,  crushed  to  dust,  commends  itself,  perhaps, 
as  going  towards  realizing  past  conditions. 

The  subsequent  preservation  of  these  marks  in  the  mud  during 
thawing  and  drying  may  be  perfect,  and  conditions  necessary  for 
their  continued  preservation,  as  rock-marks  are  no  harder  to  con- 
ceive than  the  conditions  which  have  preserved  to  us  the  rain- 
marks  so  perfectly  that  we  can  pronounce,  it  is  said,  on  the  direc- 
tion of  the  wind  prevailing  during  the  shower. 

We  have  only  to  suppose  alternations  of  high  and  low  water — 
the  silt-laden  water  creeping  very  quietly  over  mud  flats  which, 
frozen  during  exposure,  were  again  thawed  and  dried  before  the 
incoming  water  deposited  a  fresh  covering. 

It  is  noteworthy  that  the  grosser  spicules  appearing  on  the 
surface  of  frozen  mud  leave,  so  far  as  I  have  observed,  no  impress. 
They  are,  in  fact,  formed  merely  in  surface-water. 

It  was  hoped  at  first  that  evidence  might  be  obtained  from  a 
comparison  of  the  angles  made  by  the  bifurcating  branches  of 
the  frost-marks  with  the  angles  easily  measurable  on  the  silurian 
slate.  But  as  the  orystallographic  directions  were  found  to  be 
completely  disguised  in  the  first  case,  the  comparison  was  futile. 

In  bringing  these  observations  to  the  notice  of  the  Society,  I 
hope  it  will  be  understood  that  I  no  more  than  venture  a  sugges- 
tion, worthy,  it  is  thought,  of  further  elucidation,  and  not  to  be 
lightly  dismissed.  Even  if,  on  further  consideration,  it  be 
deemed  improbable,  it  is  perhaps  not  without  interest,  and,  pos- 
sibly, not  without  important  bearings  in  other  directions  to  point 
out  that  the  fragile  and  beautiful  frost  flowers,  fleeting  as  they 
are,  can  leave  an  impress  of  a  nature  capable  of  being  preserved 
through  an  eternity  of  time. 
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XIX.— NOTE    ON     LACKMOID    AND    LITMIN.     By    W.    N. 
HAETLEY,  F.R.8. 

[Read,  March  24,  1886.] 

Last  year  Mr.  H.  N.  Draper  introduced  to  the  notice  of  the  Physi- 
cal Silence  Section  of  the  Eoyal  Dublin  Society  a  new  substance 
called  lackmoidy  which  appeared  to  have  the  same,  or  very  similar, 
properties  to  litmus.  He  kindly  forwarded  to  me  small  specimens 
of  kckmoid  and  litmin.  The  following  notes  show,  first,  that  these 
are  different  sabstances ;  secondly,  that  they  may  be  of  a  similar 
constitution ;  but  we  have  no  decided  evidence. 

Lackmatd. — O'Ol  gram,  was  dissolved  in  20  cubic  centimetres  of 
alcohol,  of  0*8  sp.  gr.,  and  mixed  with  20  cubic  centimetres  of 
water.  The  substance  is  soluble  in  strong  alcohol,  but  insoluble 
in  water.  Soluble  in  alcohol  of  50  per  cent,  by  volume.  It  re- 
tained its  colour  with  but  slight  alteration  for  several  months,  the 
sole  change  being  the  acquirement  of  a  blue  tinge.  This  may  be 
due  to  the  alkalinity  of  the  glass  of  the  bottle  in  which  it  has  been 
preserved. 

Litmin. — O'Ol  gram,  dissolved  in  20  cubic  centimetres  of  water 
and  20  cubic  centimetres  of  alcohol,  of  0*8  sp.  gr.  added.  This 
substance  is  insoluble  in  strong  alcohol,  but  soluble  in  alcohol  of 
50  per  cent.,  and  in  water.  The  solution  has  become  bleached  by 
keeping,  notwithstanding  that  the  bottle  has  been  carefully  stop- 
pered and  not  exposed  to  bright  light. 

The  spectra  photographed  for  each  solution  after  dilution  were 
not  remarkable ;  the  actinic  absorption  of  the  two  substances  being 
moch  the  same,  even  after  the  addition  of  acid.  Lackmoid  has 
the  more  intense  absorptive  power  in  the  visible  spectrum;  in 
solution  it  is  undoubtedly  a  better  reagent  than  litmus.  The 
alooholic  solution  may  be  added  to  water  and  used  precisely  as  a 
Utmns  infusion. 
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XX.— ON  THE  LIMITS  TO  THE  VELOCITY  OP  MOTION  OF 
THE  WOEKING  PARTS  OF  ENGINES.  By  GEO. 
FRAS.  FITZGERALD,  F.T.C.D.,  F.R.S. 

[Read,  March  24,  1886.] 

Engines  are  used  for  transforming  one  kind  of  energy  into 
another. 

Mechanioal  engines  are  of  two  great  classes — ones  that  trans- 
form potential  or  statical  energy  into  work,  and  those  that  trans- 
form kinetic  energy  into  work. 

Slow-moving  overshot  waterwheels  may  be  taken  as  types  of 
the  first  class,  and  windmills  as  types  of  the  second  class.  In  all 
cases,  it  is  of  course  possible  by  mechanical  contrivances,  such  as 
levers,  pulleys,  wheels,  &c.,  to  obtain  any  velocity  of  moving 
parts;  but  the  velocity  I  am  calling  attention  to  is  the  velocity 
of  the  parts  that  move  with  the  working  substance.  Now,  in  the 
case  of  waterwheels  it  is  evident  that  when  the  wheel  turns  so 
fast  that  the  water  in  the  buckets  is  descending  as  fast  as  it 
would  fall  freely,  there  can  be  no  work  being  done  by  the  water 
on  the  wheel,  and  so  this  limits  the  rate  of  working  of  the  wheel. 
It  is  to  be  remarked  that  in  the  limiting  case  the  efficiency  is 
zero,  while  the  power  is  zero  when  the  efficiency  is  a  maximum, 
i.  e.  when  the  wheel  is  turning  most  slowly,  and  that  there  is  a 
rate  of  working  intermediate  between  these  for  which  the  power 
is  a  maximum.  In  the  case  of  windmiUs,  when  the  sails  turn  so 
fast  that  the  wind  blows  on  unstopped,  there  is  similarly  no  work 
being  done,  and,  just  as  in  the  other  case,  this  limits  their 
velocity. 

Heat  engines  are  of  a  different  class,  as  they  are  for  the 
transformation  of  irregular  into  regular  motion ;  but  their 
mechanical,  as  distinct  from  their  thermal,  arrangements  may  be 
grouped  as  in  the  last  case.  Ordinaiy  steam  engines  work  by 
means  of  the  energy  in  the  steam  doing  work  by  pressing  on  a 
piston,  and  evidently  this  piston  cannot  move  faster  than  the 
steam  can  follow  it  up.    Professor  Osborne  Reynolds  has  in  the 
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March  number  of  the  Philosophical  Magazine  this  year,  called  atien-* 
tion  to  the  way  in  which  the  velocity  of  flow  of  a  gas  into  a  vacuum 
M  limited,  and  this  limits  the  velocity  of  motion  of  the  piston  in 
sn  engine.    He  has,  however,  omitted  to  notice  that  there  is  a 
greater  velocity  than  the  velocity  of  sound  with  which  a  gas  can 
moTe  into  a  vacuum,  namely,  at  the  rate  at  which  its  particles 
are  moTing.     This  only  comes  into  effect  when  the  space  is  so 
nnall  compared  with  the  free  path  that  we  cannot  deal  with  the 
molecolee,  as  making  an  indefinite  number  of  encounters  on  their 
waj  aorosB  the  vessel.    In  the  case,  for  instance,  of  a  piston  in 
a  vessel  full  of  a  gas  moving  suddenly  from  rest,  with  a  velocity 
^nal  to  that  of  the  average  velocity  of  the  molecules  of  the  gas, 
▼hidi  is  greater  than  the  velocity  of  sound  in  the  gas,  it  is 
evident  that  all  the  molecules  that  were  just  on  the  point  of 
striking  the  piston  would  foUow  it  up,  and  that   those  that 
happened  to  be  moving  normally  to  it  would  keep  following  it 
up,  and  so  would  be  diffusing  into  this  vacuum,  at  a  greater  rate 
tkan  the  velocity  of  sound  in  the  gas.    This  leads  to  a  diffusion 
▼ekxaty  of  energy  in  a  vacuum  small  compared  with  the  free 
prth,  quite  different  from  the  velocity  of  sound,  and  upon  which 
Gently  radiometer  action  depend.    It  is  this  that  would  ulti- 
mately limit  the  rate  at  which  the  piston  could  be  moved  by  the 
gas-    I  have  explained  this  at  my  lectures  on  the  Theory  of 
Steam  Engines  for  some  years  back.     Steam  may  also  be  used 
kinetioally,  as  in  Giffard's  injector,  and  Hero's  engine;  and  in 
Aese  cases  velodiy  of  motion  is  limited  by  the  velocity  of  flow 
of  thesteaoL 

In  the  case  of  most  of  these  engines  that  transform  kinetic 
^®Ky  iato  work,  it  is  to  be  remarked  that  when  moving  slowly 
there  is  a  veiy  small  power  produced  at  the  expense  of  a  great 
«penditnie.  For  example,  in  Hero's  engine  and  engines  of  this 
vF^  if  the  steam  runs  out  freely  without  moving  the  engine, 
^  is  certainly  the  maximum  pressure  tending  to  move  the 
JtttB,  but  no  power  is  produced,  even  though  a  great  deal  of 
''^UA  is  being  employed.  It  is  not  the  same  with  pressure 
^^Vines,  like  ordinary  steam  engines.  They  may  be  worked 
"owly,  Bnd  the  power  produced  is  proportional  to  the  steam 
^ployed  The  same  distinction  holds  in  the  case  of  water 
^ginea  working  pistons  and  turbines.    In  the  case  of  the  kinetio 
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engine  we  must  work  rapidly  if  we  are  to  get  a  good  efficiency, 
for  tiie  efficiency  vanishes  at  the  dow  limiting  velocity.  In  the 
case  of  statical  engines,  the  efficiency  is  a  maximum  when  they 
are  working  at  their  slow-limiting  velocity,  and  vanishes  when 
working  at  their  quick-limiting  velocity.  In  the  case  of  a  perfect 
turbine,  the  efficiency  is  a  maximum  when  going  at  its  quick- 
limiting  velocity.  In  the  case  of  water  engines  there  is  evidently 
a  limiting  velocity  also  depending  on  the  rate  of  propagation  of 
energy  by  the  water,  i.  e.  its  rate  of  propagating  sound.  Gas 
engines  have  similarly  a  limiting  rate  of  working,  depending  on 
the  rate  of  explosion,  i.  e.  of  propagation  of  energy  by  the  working 
substance. 

Capillary  engines  and  muscles  have  probably  limits  of  rates  of 
working  analogous  to  those  depending  on  the  rates  of  diffusion 
of  the  molecules  of  the  working  substances  at  the  working  sur- 
faces. We  know  that  muscles  like  kinetic  engines  have  a  zero 
effidenoy  when  working  at  their  zero  limit  of  velocity,  and  there 
is  almost  certainly  a  maximum  limit  to  their  rate  of  working. 
Capillary  engines,  like  M.  Lippmann's,  are  evidently  limited  by  the 
rate  of  diffusion  of  the  molecules  at  the  capillary  surfaces,  i.  e.  of 
the  superficial  energy. 

Electric  engines  have  got  analogous  properties.  There  are  the 
two  classes — electro-static  engines,  such  as  a  reversed  Holtz 
machine,  and  electro-kinetic  engines,  such  as  ordinary  magnetos 
and  dynamos.  The  former  can  be  worked  as  slowly  as  we  please, 
without  waste  of  energy ;  but  the  latter  require  to  be  worked  at 
near  their  limiting  velocity  to  have  a  good  efficiency.  A  limiting 
velocity  in  the  case  of  dynamos  is  well  known,  and  is  attained 
when  the  inverse  electro-motive  force  of  the  dynamo  is  equal  to 
the  driving  electro-motive  force ;  but  with  a  given  electro-motive 
ibrce  it  does  not  seem  at  first  sight  as  if  there  were  any  limit 
to  the  rate  of  working  of  a  Holtz  machine  or  any  eleotro-statio 
engine. 

If  we,  however,  consider  the  electro-magnetic  action  of  moving 
electricity,  it  becomes  evident  that  the  forces  between  the  different 
parts  of  an  electro-static  engine  must  diminish  as  its  velocity  of 
motion  increases,  until  its  paits  have  a  relative  motion  equal  to  the 
velocity  of  light,  when  there  will  be  no  more  forces  between  them. 
If  it  niove  faster  than  this  it  will  become  an  electro-magnetio 
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engine,  for  the  electro-magnetic  forces  will  become  greater  than  the 
electro-static.  The  way  in  which  this  acts  is  as  follows  : — Suppose 
a  charged  body,  e.g.  the  carrier  in  any  of  the  multiplier  forms  of 
electro-static  engines,  move  near  a  conductor,  it  induces  on  this  latter 
an  electric  charge  which  moves  along  with  the  moving  carrier.  I 
most  neglect  the  resistance  of  the  conductors,  because  it  being  of 
the  nature  of  friction  in  ordinary  engines  limits  the  velocity  in 
quite  a  different  way  from  the  ways  I  am  considering.  Now,  if  the 
carrier  move  with  the  velocity  of  light,  it  and  its  induced  charges 
will  have  no  action  on  one  another,  and  so  there  will  be  no  forces 
tending  to  move  the  carrier.  Similarly,  if  a  plate  with  a  charge  on 
it  move  parallel  to  a  conduoting-plate^  the  moving  electrification 
while  its  velocity  is  increasing  induces  a  current  in  the  conducting- 
plate  which  is  permanent,  because  the  conducting-plate  is  supposed 
to  be  a  perfect  conductor,  and  the  electro-magnetic  action  of  these 
two,  when  the  moving-plate  moves  with  the  velocity  of  light,  is 
eqnal  and  opposite  to  their  electro-static  attraction.  Thus  it  appears 
that  the  velocity  of  light  is  a  limiting  velocity  to  the  rate  of  motion 
of  these  engines,  just  as  the  velocity  of  the  particles  of  steam  is  a 
limit  to  the  rate  of  motion  of  the  piston  in  a  steam  engine.  There 
is  the  same  limit  to  the  rate  of  working  of  electro-magnetic  engines. 
Consider  a  very  simple  case.  Suppose  a  wire  sliding  on  two 
parallel  rails  with  a  magnetic  force  at  right  angles  to  their  plane, 
and  an  electro-motive  force  driving  a  current  round  the  circuit. 
If  the  magnetic  force  be  feeble  enough  there  seems  at  first 
sight  no  limit  to  the  ultimate  velocity  of  motion  of  the  wire.  If 
we  consider,  however,  what  takes  place  when  the  electricity  goes 
across  from  the  rails  to  the  moving  wire,  we  see  that  the  reason  it 
goes  across  is  because  an  electrification  on  the  rails  induces  a  charge 
on  the  moving  wire,  and  these  attract  one  another  and  combine,  this 
action  being  kept  going  constantly  by  the  fresh  charges  supplied  by 
the  battery.  Now  if  the  wire  move  with  the  velocity  of  light,  there 
will  be  no  longer  any  action  between  these  charges,  and  so  the  wire 
will  act  practically  as  a  non-conductor.  A  conductor  moving  with 
the  velocity  of  light  acts  in  other  respects  as  a  non-conductor,  for  it 
is  evident  that  we  can  have  any  desired  distribution  of  electricity 
in  it  or  on  it  without  any  tendency  for  it  to  change.  It  would  be 
more  correct  to  describe  it  as  a  region  in  which  the  electro-static 
inductive  capacity  was  infinite,  and  where,  consequently,  a  given 
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charge  produoed  no  foroe  in  its  neighbourhood.  There  is  another 
way  of  looking  at  this  question,  and  one  that  leads  to  another  view 
of  the  reason  for  this  limiting  velocity.  It  depends  on  the  theory 
put  forward  by  Professor  Poynting  that  the  energy  given  out  at 
any  point  in  an  electric  circuit  is  transferred  there  through  the  ether, 
and  as  energy  is  transferred  through  the  ether  with  the  velocity  of 
light,  it  cannot  keep  up  with  a  moving  body  that  moves  with  a 
greater  velocity  than  this.  This  completes  the  very  remarkable 
analogy  between  the  way  in  which  the  rate  of  motion  of  a  piston 
by  a  gas  is  limited  by  the  rate  of  propagation  of  energy  in  the  gas, 
and  the  rate  of  motion  of  electric  engines  is  limited  by  the  rate  of 
propagation  of  energy  in  the  ether. 
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XXL— ON  THE  OCCURRENCE  OP  HARMOTOME  AT  GLEN- 
DALOUQH,  CO.  WICKLOW.  By  J.  JOLY,  B.E.,  Assistant  to 
the  Professor  of  Civil  Engineering,  Trinity  College,  Dublin. 

[Bead,  April  21,  1886.] 

As  I  can  find  no  previous  mention  of  the  oecurrenoe  of  haimotomei 
or  indeed  of  any  member  of  the  zeolite  family  of  minerals,  in  Co. 
WiokloWy  it  may  not  be  amiss  to  call  attention  to  its  presence.  I 
have  the  more  excuse  for  writing  a  note  on  the  occurrence  of  this 
one  mineral,  as,  since  the  work  of  Daubre,  a  special  geological  and 
mineralogical  interest  is  attached  to  the  beautiful  group  of  which 
it  is  a  member.^ 

The  harmotome  of  Glendalough  occurs  in  the  out-put  from  the 
Luganure  lode,  which  traverses  the  granite  close  to  its  junction 
with  the  schist,  and  extends  into  the  vale  of  Glendasan.  Much  of 
the  gangue  has  been  thrown  out  at  the  upper  end  of  the  lake,  and 
from  this  debris  I  took,  some  few  years  ago,  a  very  small  specimen 
of  the  zeolite — so  small  that  I  could  not  be  assured  of  its  identity 
as  harmotome  till  I  was  so  fortunate  recently  as  to  find  another 
and  larger  specimen.  The  out-put  otherwise  indicates  hydro-ther- 
mal action  in  the  lamellar  deposits  of  quartz  and  calcite.  Here 
also  may  be  found  fluorite,  sphalerite,  barite,  strontianite,  galenite, 
pyrite,  siderite,  chalcopyrite,  manganocalcite,  and  some  decompo- 
sition products.  Specimens  of  hexagonal  calcite,  sometimes  found 
here  implanted  in  solitary  whiteness  on  ice-like  drusy  quartz, 
are  very  beautiful. 

The  zeolite,  in  both  the  specimens  found,  occurs  implanted  on 
a  quartz  matrix,  and  in  one  case  the  little  crystals  curved  over  a 
crystal  of  sphalerite.  The  largest  of  these  harmotome  crystals  is 
not  quite  one  centimetre  in  length.    They  present  principally  a 


^  Fonnation  Contemporaine  des  Zedlitlies.  The  zeolites  obaeryed  by  Daubrd  were 
mgtndtred  in  the  matrix  rather  thaa  depoaited.  I  think  it  evident  that  the  Glenda- 
lough zedite  was  deposited.  Daubrd's  harmotofiu  or  ehrittianiU,  howeyer,  is  the  lime- 
potash  seolite  philiptUe  of  Dana,  and  is  quite  distinct  from  the  harmotome  described 
•bore,  which  is  the  barium  zeolite* 
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oharaoteristio  oruoiform  twinning ;  but  a  more  obBOure  lamellar 
form,  of  the  same  mineral  probably,  is  intermingled  with  the 
larger  crystals.  These  larger  crystals  have  a  high  vitreous  lustre, 
and  are  white,  translucent,  transparent.  The  lamellar  forms  are 
duller  in  lustre  and  are  white,  nearly  opaque. 

Crystalloffraphic  character, — The  accompanying  figure,  in  iso- 


metric projection,  shows  the  nature  of  their  crystallographic  appear- 
auce.  It  differs  somewhat  from  that  ascribed  to  harmotome  by 
Dana,  Des  Cloizeaux,  &c.,  due  to  the  conspicuous  development  of  the 
liemihedral  form  1  (copying  the  notation  of  Dana),  while  still  pre- 
serving the  holohedrism  of  the  prism  I.  It  will  be  seen  that  this 
development  has  reduced  one  set  of  the  prism  faces  to  minute 
dimensions.  Indeed  they  can  hardly  be  seen  on  the  specimen 
without  the  use  of  a  lens.  In  any  other  specimens  I  have 
examined  the  prism  is  either  predominant — 1  having  the  appearance 
of  a  mere  bevelling  of  the  edge  01,  or  otherwise,  it  is  eliminated 
altogether,  I  becoming  a  hemihedral  foito.    The  effect  is  that  the 
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crystal  looks  as  if  terminated  with  four  smooth  planes,  and  only  on 
very  close  examination  is  it  apparent  that  the  pyramid  is  trun- 
cated and  replaced  hy  the  four  prismatic  faces.  Many  of  the 
crystals  are  terminated  thus  at  hoth  ends. 

Working  with  a  defective  goniometer,  the  following  values  were 
obtained : — 

I  A I  =  124°  20',  mean  of  nine  observations ; 
I A I  =  110°  20',  mean  of  four  observations. 
Dana  records  harmotome  as  orthorhombic,  and 

iAi  =  124°4r; 

iAl=  110°  26'. 

Thus  the  measurements  are  evidently  sufficiently  in  accord  with  a 
right  rhombic  prism  of  124°  47'.  Further,  the  angle  1 1  agrees 
satisfactorily  with  the  recorded  value.  Observations  with  the 
polarisoope  confirms  the  crystallographic  characters  ascribed  to 
these  faces,  but,  owing  to  the  generally  imperfect  translucency  of 
the  crystals,  are  not  very  definite. 

Specific  gravity, — I  mentioned  opaque,  white,  lameUar  forms. 
To  these  optical  or  crystallographic  investigation  could  not  be  ex- 
tended. Thinking  they  might  be  a  distinct  zeolite,  it  was  thought 
advisable  to  compare  their  sp.  gr.  with  that  of  the  other  implanted 
crystals.  Otherwise,  also,  it  was  evidently  advisable  to  determine 
the  sp.  gr.  of  both  forms. 

In  a  diffusion  zone  above  Thulet's  solution,  according  to  Pro- 
fessor SoUas'  method,  a  fragment  of  authentic  harmotome  was 
placed.  On  putting  in,  now,  fragments  of  both  the  Glendalough 
forms,  they  were  found  to  float  exactly  in  the  same  horizon  with 
the  authentic  harmotome.  Orthoclase  of  a  sp.  gr.  2*51  floated 
below  them,  analcite  floated  much  above  them,  stilbite  higher  still. 
By  calculation,  then,  a  sp.  gr.  of  2*46  (Dana  2-44-2'45)  was  ascribed 
to  the  Glendalough  harmotome.  This  is  a  very  distinctive  test,  as 
the  only  other  members  of  the  zeolite  family  with  so  high  a  sp.  gr. 
are  the  monoclinic  varieties,  scolocite  and  brewsterite. 
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Fuaihility, — Compared  with  authentio  barmotome  on  the  mel* 
dometer  it  was  found  that  the  fusion  of  both  oocurred  simultane- 
ously at  a  very  high  temperature.  The  specimens  also  blanched 
below  a  red  beat.  It  was  interesting  to  compare  this  behaviour 
with  that  of  some  other  zeolites.  The  result  is  the  following  order 
of  fusibility  with  increase  of  temperature  : — 

Ghabasite     \ 

Stilbite         >  almost  simultaneously. 

Heulandite  / 

Natrolite 

{Orthoclaae) 

Harmotome. 

Harmotome  is,  in  fact,  separated  from  the  others  by  a  wide 
interval  Orthodase  fuses  in  this  interval,  and,  indeed,  decomposi- 
tion or  ebullition  of  the  orthoclase  takes  place  before  the  melting- 
point  of  harmotome  is  reached.  Becent  experiments  gave  me  for 
the  melting-point  of  orthoclase  the  temperature  of  865°  0.  It  is 
likely  that  the  fusion  of  harmotome  does  not  occur  under  900°  0. 
I  had  not  time  to  go  through  with  the  measurement  independently. 
I  would  point  out,  however,  that  there  is  very  little  liability  to 
error  in  comparing  the  fusibilities  of  two  substances,  placed  thus 
under  exactly  the  same  conditions  and  observed  simultaneously  in 
the  field  of  the  microscope.  On  the  other  hand,  not  only  is  the 
blowpipe  a  powerful  chemical  agent,  and  thus  obscures  the  pheno- 
mena of  fusion  with  secondary  eflfects,  but  with  it  it  is  impossible  to 
be  sure  of  fair  comparison.  The  meldometer  has  shown  me  that 
the  order  of  Van  Kobel's  scale  is  incorrect.  Thus  the  order  it 
assumes  for  the  fusibilities,  almandine,  green  actinolite,  orthoclase, 
should  be  orthoclase,  green  actinolite,  almandine ;  and  it  is,  I  think, 
allowable  to  assume  that  similar  misleading  phenomena  account  for 
the  fusibility  of  harmotome  being  recorded  as  3*5  on  the  scale  of 
Yan  Eobel.  The  test  of  fusibility,  like  that  of  sp.  gr.,  is  thus  a 
distinctive  one  in  the  case  of  harmotome. 

A  test  of  its  hardness  showed  that  it  scratches  fluorite,  and  is 
scratched  by  apatite ;  hardness,  therefore,  4*5.  In  the  blotppipe  it 
fuses  without  intumescence. 

It  does  not  gelatinize  with,  but  is  decomposed  by,  bydroohlozic 
add.    These  tests  confirm  its  identity  with  hannotome. 
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XXn.-^N  THE  TEMPERATURE  AT  VARIOUS  DEPTHS  IN 
LOUGH  DERG  AFTER  SUNNY  WEATHER.  By  GEO.  F. 
FITZGERALD,  F.T.C.D.,  F.R.S. 

[Bead,  April  21,  1886.] 

Thb  measurements  upon  which  this  Paper  is  founded  were  made  by 
me  in  the  month  of  July,  1876,  and  I  would  have  hardly  thought 
them  worth  recording  only  that  I  have  lately  seen  it  noticed  as  a 
new  fact  that  the  isothermal  surfaces  in  the  Lake  of  Geneva  are 
not  level  surfaces ;  and  that  this  was  so  in  Lough  Derg  was  one  of 
the  special  features  I  remarked  in  my  observations  of  nearly  ten 
years  ago. 

I  made  experiments  with  a  maximum  and  minimum  thermo- 
meter,  attached  to  a  soimding-line,  and  the  differences  of  tempera- 
ture observed  were  so  great  that  there  could  be  no  doubt,  even 
with  rough  experiments. 

The  observations  were  made  after  a  long  continuance  of  hot, 
sunny  weather,  during  which  the  day  temperatures  ranged  from 
73°  F.  to  75°  P.,  and  the  night  temperatures  from  66°  P.  to  65°  P. 

The  temperature  of  the  surface  of  the  lake  rose  rapidly  during 
sunshine,  at  a  rate  of  nearly  a  degree  per  hour.  In  the  deep 
water  the  temperature  of  the  surface  did  not  rise  so  fast  as  in  the 
shallow  water.  About  3*30  in  the  day  the  temperature  of  the 
surface  water  in  the  deep  parts  was  71°  P.,  and  in  the  shallows 
75°  P.  Prom  a  calculation  of  the  amount  of  heat  that  enters  the 
water,  it  seems  that  only  about  3V^h,  or  less,  was  used  in  heating 
it,  the  rest  being  probably  spent  in  evaporation.  During  the 
evening  the  temperature  of  the  surface  fell  slowly,  until  in  the 
morning  it  was  uniform,  to  a  depth  of  about  five  yards,  this  being 
the  depth,  apparently,  that  the  convexion  currents  during  the 
night  reached.  This  temperature  was,  on  the  night  I  observed 
it,  eleven  degrees  above  the  night  temperature  of  a  thermometer 
exposed  on  grass.  Li  the  shallow  water  the  temperature  fell  more 
rapidly  until  it  was  about  2°  colder  than  the  surface  water  in  deep 
parts,  and  nearly  the  same  as  that  of  the  water  at  the  bottom  of 
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the  deep  parts  of  the  lake.  It  thus  appears  that  the  cold  wat^r 
supply  for  the  bottom  of  the  lake  may  be  kept  up  by  the  oold 
night  water  from  the  shallows. 

On  laying  out  a  series  of  afternoon  isothermal  lines,  it  appears 
that  they  are  closer  together  in  the  shallow  water  than  in  the  deep 
water,  the  bottom  in  the  shallower  water  being  in  general  colder 
than  at  the  same  depth  in  deep  water,  though,  of  course,  in  the 
very  shallow  water,  where  the  surface  was  several  degrees  hotter 
than  elsewhere,  the  whole  of  this  very  shallow  water  was  warmed 
up,  and  was  hotter  than  water  at  the  same  level  elsewhere.  The 
rate  of  change  of  temperature  downwards  was  very  regular,  from 
a  depth  of  from  five  to  six  yards,  to  the  bottom.  At  the  depth  of 
five  to  six  yards,  it  changed  more  rapidly,  and  from  that  up  to  the 
surface  was  the  region  that  was  affected  by  the  diurnal  changes  of 
temperature.  During  the  day  the  upper  layers  in  this  region 
became  much  hotter,  and  during  the  night  the  whole  of  this 
region  gradually  became  of  the  same  temperature  throughout. 
The  depth  of  this  region  was  observable,  during  the  days  I 
observed  it,  by  the  variation  in  the  rate  of  change  of  temperature 
that  occurred  at  this  depth ;  the  change  of  temperature  was  more 
rapid  here  than  in  either  the  subjacent  or  in  the  immediately 
superincumbent  layers. 

From  the  rate  of  decrease  of  temperature  in  the  superficial 
layers  I  calculated  that  the  coefficient  of  absorption  of  heat  per 
yard  was  *71,  but  as  it  is  known  that  this  is  very  different,  for 
different  rays  of  the  spectrum,  it  is  probable  that  the  coefficient  of 
absorption  of  the  first  layers  is  very  much  greater.  I  had  not  any 
sufficiently  accurate  method  of  measuring  the  temperatures  at  near 
points  to  determine  the  rate  of  change  of  temperatures  for  small 
distances  near  the  surface,  but  it  was  certainly  very  much  more 
rapid  than  even  at  a  short  distance  below  the  surface. 
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XXm.— A  THERMO-ELECTRIC  CURRENT  IN  SINGLE  CON- 
DUCTORS.    Bt  FRED.  T.  TROUTON,  B.A. 

[Read,  March  24,  1886.] 

If  a  flame  be  placed  under  an  iron  wire  in  oirouit  with  a  galvano- 
meter,  and  be  so  moved  along  the  wire  that  the  part  in  the  flame  is 
always  white-hot,  a  current  is  indicated  which  flows  in  the  direction 
the  flame  is  carried.  The  electromotive  force  is  generally  in  the 
fourth  decimal  place.  In  looking  for  an  explanation  of  this,  it 
was  observed  that  in  front  of  the  flame  the  fall  in  the  temperature 
along  the  wire  is  more  rapid  or  steeper  than  behind  it.  So  that,  if 
a  difference  in  the  rate  of  transference  of  heat  in  opposite  direc« 
lions  in  a  wire  causes  a  current,  as  some  have  supposed,  there  would 
be  one  in  this  case.  The  rate  of  flow  of  heat  is  greatest  in  the 
direction  the  flame  is  moved,  for  the  fall  in  temperature  along  the 
wire  is  most  rapid  in  that  direction.  The  current,  then,  and  the 
greatest  flow  of  heat  are  in  the  same  direction.  The  amount  of  the 
current  would  thus  obviously  depend  on  the  difference  of  the  gra- 
dients in  temperature  in  either  direction  along  the  wire.  By  making 
the  gradient  in  front  as  steep  as  possible,  and  that  behind  the  flame 
more  gradual,  we  should  expect  an  increase  in  the  current.  Or 
again,  by  making  the  gradient  behind  the  flame  steeper,  by  cooling 
it  more  rapidly^than  the  air  can,  say  by  applying  water,  we  should 
get  a  decrease  in  the  current,  and  even  a  reversal  if  the  gradient 
became  steeper  than  in  front.  It  was  with  no  small  surprise,  then, 
that  the  opposite  was  observed  on  trying  the  experiment.  For, 
cooling  with  water  behind  the  flame  as  it  moved  along  was  found 
to  increase  the  current.  That  this  could  not  be  due  to  chemical 
action  was  ascertained  by  applying  various  substances  to  cool  the 
wire.  Thus,  whether  bodies  of  a  reducing  or  oxydizing  nature 
were  employed  the  result  was  always  the  same. 
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In  Older  to  simplif  j  matters  by  observing  the  ourrent  when 
only  one  side  of  the  flame  changed,  a  row  of  burners  were  so 
arranged  that  one  after  the  other  oould  be  lighted  beneath  the 
wire.  The  current,  on  turning  on  the  burners  in  succession,  was  in 
the  direction  that  the  ignition  travelledi  or  to  the  side  of  the  steepest 
gradient  in  temperature.  On  turning  the  burners  out  in  reverse 
order,  one  after  the  other,  the  current  now  flowed  in  the  opposite 
direction  to  that  indicated  in  the  flrst  instance.  And  it  was  in- 
creased when  the  cooling  was  hastened  by  applying  water.  The 
steep  gradient  is,  in  both  cases,  on  the  same  side ;  that  is,  both 
while  the  flame  is  spreading  out,  and  again  while  it  is  going  back. 
Yet  the  currents  are  in  opposite  directions.  However,  though  the 
steep  gradients  are  on  the  same  side,  it  is  to  be  remarked  that 
everything  is  not  in  the  same  condition  in  both  cases ;  for  in  one 
the  temperature  is  everywhere  rising,  while  in  the  other,  that  is  as 
the  flame  goes  back,  the  temperature  is  everywhere  falling.  So 
that  it  would  be  insufficient  to  consider  the  electromotive  force 

c  B  ^  f -— j,  but  must  rather  be  £  =  ^  (^>  -n\  ^  being  the  tempera- 
ture at  any  point  at  a  distance  x  along  the  wire  from  a  fixed  point, 
and  t  denoting  the  time. 

Direct  experiments  were  made  to  determine  if  a  difference  in 
the  flow  of  heat  in  opposite  directions  in  a  wire  was  sufficient  alone 
to  produce  a  ourrent.  Thus,  along  a  wire  on  one  side  of  a  heated 
place  a  moist  thread  was  laid  and  kept  moistened.  On  coming  to 
a  permanent  state  no  appreciable  current  was  observed,  though 
there  must  be  a  very  great  difference  in  the  rate  of  flow  of  heat  to 
either  side,  due  to  the  great  difference  in  the  temperature  gradients. 
I  find  a  similar  experiment  was  made  by  Le  Boux,^  who  came  also 
to  the  conclusion  that  no  current  whatever  was  produced  by  a  dif- 
ference in  the  flow  of  heat  in  opposite  directions  in  a  wire.  In 
another  experiment  no  current  was  observed  in  a  wire  kept  heated 
at  the  place  where  it  came  up  out  of  a  vessel  of  water.    So  that 

there  can  be  no  term  in  e  =  0  ( —,  -77 )  containing:  -;-  alone :   but 

^  \dx  dt  I  ^  da>  ' 

d^Q 
it  probably  consists  principally  of  —  dt. 

>  AnnaUi  de  Chemie  et  de  Phyaique^  quatri^me  series,  tome  x.,  p.  208. 
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We  may  picture  what  ooours  when  the  high  temperature  spreads 
out  along  the  wire  somewhat  as  follows : — When  the  temperature 
of  a  portion  is  raised  to  a  bright  heat,  let  us  suppose  the  structure 
to  be  altered,  and  with  it  the  electrical  potential.  Let  mn  represent 
the  wire,  and  the  ordinates  of  the  curve  the  temperature  at  each 
point.  Then,  for  simplicitj,  let  us  for  the  moment  suppose  that  the 
difference  from  the  altered  part  to  the  unaltered  is  sudden  in  the 


l\ 


AB  BA  B'A' 

wire  and  not  gradual.  Saj,  at  AB  and  again  at  BAy  so  that  from 
AioB  there  is  a  difference  in  the  potential,  and  again  of  the  same 
amount,  but  in  the  opposite  sense  at  AB.  Now,  if  the  temperature 
spread  out  on  one  side,  as  represented  by  the  dotted  line,  the  junc- 
tion BA  will  go  out  to  ffA\  However,  if  we  suppose  the  high 
temperature  to  travel  out  faster  than  the  junction,  while  the  junc- 
tion is  behind  its  final  position,  it  is  at  a  higher  temperature  than  the 
junction  at  AB ;  and  there  will  be  a  current,  flowing  from  m  to  n, 
if  the  potential  of  the  centre  part  was  originally  higher  than  the 
lest  of  the  wire.  The  reverse  occurs  when  the  high  temperature 
goes  back.  The  junction  follows  slower  and  is  at  a  lower  tempe- 
rature than  AB  until  it  arrives  at  the  final  position.  The  fiall  in 
the  potential  is  meanwhile  less  than  at  AB.  So  the  current  in  this 
case  flows  from  n  to  m.  Now,  if  we  suppose  a  great  number  of  these 
junctions  beginning  with  the  unaltered  wire,  and  ending  with  the 
completely  altered,  each  will  have  its  own  normal  temperature  and 
can  act  just  as  described  above  in  the  case  of  one.  By  supposing  a 
sufficient  number  of  these  we  have  at  length  a  continuous  alteration 
in  the  structure  of  the  wire,  which  is  what  probably  takes  place. 


/ 

zL 


In  the  case  of  the  moving  flame  the  jomction  in  front  is  at  a 
higher,  and  the  one  behind  at  a  lower  tem][)erature,  than  the  tem- 
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perature  when  at  rest,  which  is  shown  on  either  side  in  the  figure 
by  the  dotted  lines  of  equal  length.  The  arrow  shows  the  direc- 
tion the  flame  is  moving. 

If  water  be  applied  to  one  side  of  a  heated  part  of  the  wire, 
there  is  a  very  rapid  cooling  and  a  current  flows,  due  to  the  higher 
temperature  on  the  other  side,  until  the  junction  slowly  travels 
in  to  the  point  at  the  normal  temperature,  when  the  current  ceases, 
as  was  described  above.*  Again,  on  stopping  the  water,  the  current 
flows  for  a  while  in  the  opposite  direction. 

So  far  it  has  been  assumed  that  the  iron,  as  the  flame  moves  on, 
cools  and  returns  to  its  original  state  ;  but  it  does  not  do  so  com- 
pletely. However,  if  the  flame  be  passed  several  times  over  the 
same  part,  the  iron  seems  after  that  to  undergo  no  further  altera- 
tion. There  is  a  permanent  heterogeneousness  or  alteration  found 
from  the  place  where  the  heating  by  the  flame  began  to  where  it 
ended,  similar  to  that  between  the  wire  and  another  metal.  Either 
of  the  ends  of  this  gives  a  current  on  heating.  In  some  cases, 
especially  in  steel,  the  currents  were  easily  observed,  even  at  100°  C. 
The  current,  as  in  the  case  of  the  temporary  alteration  in  the  wire, 
flows  from  the  altered  to  the  unaltered  metal  at  the  hot  junction. 
It  follows  from  this,  that  the  first  time  the  flame  is  moved  along 
the  wire  the  current  \&  somewhat  greater  than  subsequently, 
it  being  the  sum  of  both  effects ;  though  afterwards  it  appears  not 
to  alter  sensibly  in  amount  on  repeated  heatings.  That  currents 
due  to  permanent  alteration  in  the  structure  of  metals  could  be 
obtained,  was  long  ago  shown,  by  Magnus. 

Of  other  metals  examined,  nickel  acts  like  iron ;  copper,  silver, 
and  platinum  appear  not  to — that  is,  an  alteration  once  made  in 
their  structure  remains  on  cooling ;  while  iron  and  nickel  return 
partly  to  their  original  state.  This  difference  may  be  owing  to 
the  more  or  less  pasty  condition  iron  and  nickel  assume  at  tempe-* 
ratures  considerably  below  their  melting  points ;  and,  probably, 
both  copper  and  silver  raised  to  temperatures  just  beneath  thdr 
melting  points  would  behave  like  iron  or  nickel.     The  difficulty  of 


^   That  Le  Itwx  did  not  obterre  these  eurrente  may  he  due  to  hit  not  employing  as 
high  a  temperature. 


Digitized  by  LjOOQ IC 


Tbouton — On  ThennO'Ekctric  Current  in  Single  Conductors.   175 

doing  this  is  considerable,  espeoially  in  silver,  for  long  below  its 
melting-point  it  appears  to  lose  tenacity  almost  completely. 
Platinum  was  examined  at  temperatures  approaching  its  melting 
point  with  the  oxy hydrogen  flame ;  but  the  currents  obtained  were 
very  small,  and  were  due  to  irregularities  in  the  structure  of  the 
wire.  Aa  the  flame  was  being  carried  along  in  one  direction  the 
needle  kept  to  one  side  or  the  other,  according  to  the  part  of  the 
wire  the  flame  was  at.  A  thin  rod  of  carbon  examined  in  the  oxi- 
hydrogen  flame  gave  a  small  but  regular  current  as  the  flame  was 
moved  along  when  water  was  applied  to  cool  the  carbon  behind  the 
flame ;  without  this  the  carbon  does  not  cool  quickly  enough  to  give 
a  current. 

A  difference  in  the  potential  along  a  wire  of  the  nature  sup- 
posed above,  that  is  due  to  a  temporary  change  in  structure  from 
temperature,  could  not  be  discovered  by  means  of  a  galvanometer, 
owing  to  the  symmetry  on  either  side,  except  the  temperature 
alter  more  rapidly  than  the  structure.  For  otherwise  it  would 
always  be  equivalent  to  introducing  another  metal,  and  keeping 
the  two  junctions  at  the  same  temperature. 

To  state  shortly  the  conclusions  flnally  arrived  at,  there  is, 
first,  a  permanent  alteration  effected  in  the  structure  of  a  wire 
when  it  has  been  once  heated.  So  that,  if  one  of  the  points 
between  the  altered  and  unaltered  metal  be  warmer  than  the 
other,  a  current  flows  similar  to  what  would  happen  if  a  second 
metal  were  introduced  into  the  circuit  instead  of  the  altered  part. 
Secondly,  that  there  is,  at  least  in  some  metals,  a  temporary 
alteration  of  a  somewhat  similar  nature  to  the  permanent  one, 
which  lasts  while  the  wire  is  at  a  high  temperature ;  and  that  it  is 
possible  to  obtain  currents  from  this,  is  solely  due  to  the  fact  that, 
both  in  appearing  and  in  disappearing,  the  alteration  may  take 
place  more  slowly  than  a  change  in  temperature,  which  ultimately 
effects  the  alteration. 

What  this  alteration  is,  whether  stresses  similar  to  what  Sir 
William  Thomson  found  could  produce  thermo-electric  hete- 
rogeneousness  in  a  single  metal,  or  whether  of  the  nature  of 
molecular  rearrangement  of  the  nature  of  annealing,  may  be 
doubtful. 
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A  better  knowledge  of  the  cirotimstanoes  under  whioh  currents 
can  be  obtained  in  one  metal  may,  perhaps,  yet  afford  ground  for 
some  molecular  theory  of  thermo-electric  currents,  the  con- 
ditions to  be  considered  being  reduced  in  having  only  one  sub- 
stance in  different  states  to  deal  with. 
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XXIV.— PRELIMINARY  ACCOUNT  OF  THE  TETRACTINELLID 
SPONGES  DREDGED  BY  H.M.S.  CHALLENaEB, 
1872-76.  By  PROFESSOR  W.  J.  80LLAS,  LL.D., 
D.  So.    Paort  I. — The  Chobistida. 

[Prcflentod,  July  16,  1886.] 

Thb  following  short  abstract  of  my  forthcoming  Eeport  on  the 
Challenger  Tetractinellid  Sponges  is  published  by  kind  pennis- 
Bion  of  Dr.  John  Murray,  Director  of  the  Challenger  Expedition 
Beports : — 

Tkibb  L— TETRAOTINELLIDA,  MarshaU. 

Skeleton  characterized  by  quadri-radiate  spicules,  or  ^'lithistid" 
flolerites. 

Order  I.  Ohoristida,  Sollas. — Quadri-radiate  spicules  are 
present,  but  not  ^^Lithistid"  sclerites. 

Order  II.  Lithistida,  Zittel. — ^The  chief  skeleton  consists  of 
^^lithistid"  sclerites  articulated  to  form  a  consistent  network. 
Quadri-radiate  spicules  may  be  present  or  not. 

Order  1.     Ohoeistida. 

Sub-order  1.  Tbtradina. — The  chief  spicules  of  the  choano* 
some  are  tetrads,  amphitetrads,  candelabra,  or  modified  triana. 

Sub-order  2.  Trianina. — The  heads  of  the  adult  trianine 
spicules  are  confined  to  the  ectosome. 

Sub-order  1.    Tbtradina. 

Family  1.  "BLAXISTDM. — ^The  canal  system  is  eurypylous. 
Candelabra  are  present. 

Family  2.  FACHASTBELLIBiE.— The  canal  system  is  either 
eurypylous  or  aphodal.     The  tetrads  are  simple. 

Family  3.  COBTICIDiE.— The  canal  system  is  Aphodal ;  the 
characteristic  tetrads  are  candelabra,  or  forks  with  trifurcate  arms, 
or  forks  with  the  surface  ornamented  by  spines,  or  amphitetrads. 

SCIBir.  PUOC.  E.D.8.— TOL.  V.  PT.  IT.  0 
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Sub-order  2.    Tbianina. 

Family  1.  TETILLIDiE. — Flesh  spicules  are  arculi  or  spiruIsB ; 
tlie  triana  are  charaoteristic ;  the  oanal  system  in  the  lowest 
forms  is  eurypylous,  in  the  highest,  aphodal ;  the  eotosome  in  the 
lower  forms  is  the  outer  epithelium  and  a  thin  layer  of  oollenohyme ; 
in  the  higher,  a  highly  differentiated  oortex ;  ohoanosome,  a  oollen- 
obymatous  mesoderm  in  the  lower  forms,  sarcenchymatous  in  the 
higher. 

Family  2.  THEITEIDA. — The  flesh  spicule  is  a  spini-spirula ; 
stellates  are  absent ;  the  canal  system  is  eurypylous ;  the  eotosome 
is  not  differentiated  to  form  a  cortex ;  the  mesoderm  is  collen- 
obymatous. 

Family  3.  STELLETTIBiE;.— The  characteristic  flesh  spicule  is 
a  stellate ;  other  forms  may  also  be  present ;  the  canal  system  is 
aphodal,  but  approaches  the  eurypylous  type  in  the  lower  forms ; 
the  eotosome  may,  or  may  not,  form  a  cortex ;  the  mesoderm  of  the 
choanosome  a  sarcenchyme. 

Family  4.  OEODINIDiE. — The  characteristic  spicule  is  the 
globate ;  the  canal  system  always  aphodal ;  the  cortex  always  well 
differentiated ;  the  mesoderm  of  the  choanosome  a  sarcenchyme. 

Sub-order  1. 
Family  1.    FLAKIHIDA,  Schultze. 

Genus  1.  EpaUaXy  g.  n. — Plakinidse,  with  large  acerate  spicules 
and  small  quadriradiate  spicules. 

Epallax  callocyathusy  sp.  n. — Sponge,  vasiform,  expanding 
towards  the  upper  margin,  which  is  rounded,  and  gently  undulat- 
ing, produced  into  a  short,  strong  slender  stalk  below,  by  which 
it  is  attached ;  walls  thin ;  oscules  small,  opening  into  the  interior 
of  the  cup  in  longitudinal  linear  series  irregularly  alternating; 
pores,  in  sieves  on  the  outer  surface,  overlying  the  inourrent  canals, 
which  interdigitate  with  the  excurrent  caneds,  both  being  wide- 
branching  sinuses  produced  by  a  folding  of  the  choanosome.  Both 
surfaces  hispid ;  eotosome  thin,  collenohymatous  ;  choanosome,  a 
oollenchymatous  mesoderm ;  eurypylous  flagellated  chambers. 
Spicules— (1)  acerate,  3-04  by  0-078  mm. ;   (2)  acerate,  3-93  by 
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0*039  mm. ;  (3)  oalthrops,  usually  quadriradiate,  but  frequently 
tri-  and  bi-radiate,  or  sometimes  quinqni-  and  sex-radiate ;  one 
ray  of  a  tetrad,  0'0276  by  0*004  mm.;  (4)  stellates :  these  differ 
from  the  calthrops  by  possessing  more  numerous  and  smaller  rays. 
iTafo'^.— Station  192,  lat.  5°  49'  15"  S.;  132°  14'  15"  E..; 
140  fms. 

Family  3.    CORTICIDM. 

Genus  1.  Thrombus,  g.n. — Cortioidae,  oontaining  spined  forks 
Hke  those  of  Coriicium  kittoni^  Carter  {Thrombus  kittoni)^  see  Ann. 
Mag.  Nat  Bist,  ser.  4,  vol.  xiv.,  p.  24.     1874. 

Thrombus  chaliengeriy  sp.  n.— Mesoderm,  a  collenchyme  which 
contains  numerous  oval  granular  cells,  0*016  to  0*02  nun.  in 
diameter.  Spicules  like  those  of  Thrombus  kittonij  but  larger  ; 
fork,  shaft,  01  by  0012  nmi. ;  arms,  0055  by  0012  mm. 

ffflJiYa^.— Station  177 ;  lat.  16°  45'  S. ;  long.  168°  V  W. ;  off 
Api,  New  Hebrides,  130  fms. 

Sub-order  2. 
Family  1.    TETILLIBA. 

Oenus  1.  Tetilla,  0.  Schmidt. — ^The  ectosome  never  forms  a 
cortex,  and  is  not  provided  with  special  spicules ;  the  mesoderm 
is  a  collenchyme,  and  the  canal  system  eurypylous. 

Tetilla  sandalina^  sp.  n. — Sponge  small ;  more  or  less  ellipsoidal, 
or  fusiform ;  a  single  lateral  oscule  at  one  end ;  ectosome  not  deve- 
loped ;  flageUated  chambers  large.  Spicules — (1)  fusiform  acerate, 
2*326  by  0*0237  mm. ;  (2)  trichite  acerates,  0*395  mm.  long  ; 
immeasurably  thin ;  (3)  trifid  forks  with  filiform  proximal  ends ; 
arms  of  unequal  length ;  one  about  0*197,  the  other  two  0*0513  nmi. 
long;  (4)  orouli  and  sigmellse  about  0*025  nmi.  long;  anchors 
absent. 

Habitai.—AzoTeB,  lat.  37°  26'  N. ;  long.  55°  13'  W.  1000  fms. 

Tetilla  leptoderma^  sp.  n. — Sponge  small ;  somewhat  spherical ; 
a  single  oscule,  lower  surface  produced  into  slender  rootlets, 
ectosome  thin ;  flagellated  chambers  large.  Spicules— (1)  a  fusi- 
fonn  acerate,  4*185  by  0*0474  mm. ;  (2)  trifid  forks,  filiform  at 
one  end,  rays  of  unequal  length  at  the  other,  4*03  by  0*0118  nun. ; 
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the  longer  ray  is  0197,    the  two    shorter,  0*106  mm.  long  ; 

(3)  trichite  forks,  similar  to  the  preceding,  but  smaller,  and  of 
hair-like  fineness;  shaft,  1*162  mm.  long;  (3)  somal  anchor,  a 
fusiform  shaft,  with  a  filiform  end,  6*0  by  0*01  mm. ;  arms,  0*118 
by  0*012  mm ;  (4)  radical  anchors  similar,  but  with  a  more  mas- 
sive head,  and  a  distal  muorone ;  shaft,  6*8  by  00276  mm. ;  arms, 
0*154  by  00237  mm. ;  (5)  arculi  and  sigmellfie  about  0*0125  to 
0*019  mm.  long. 

Eabiiat.—lAt  37^  17'  S. ;  long.  63°  62^  W.    600  fms. 

Tetilla  grandis^  sp.  n. — Sponge  large,  massive,  sub-cylindrical, 
or  sub-ellipsoidal,  seated  on  a  massive  base  of  tangled  anchoring 
spicules;  oscules  numerous,  simple;  surface  hispid;  ectosome,  a 
fibro- vesicular  coUenchyme.  Spicules — (1)  fusiform  acerate,  6*07 
by  0075  mm. ;  (2)  trifid  fork  ;  shaft  cylindrical ;  a  filiform  end ; 
8-57  by  0016  mm.,  to  11*8  by  0032  mm. ;  rays,  0*15  by  00118 
tnm. ;  (3)  trichite  fork,  with  one  ray  longer  than  the  other  two ; 

(4)  somal  anchor,  a  fusiform  shaft  with  filiform  end,  12*14  by 
0*02  nmi. ;  rays,  0*16  by  0*012  mm. ;  spread,  0*16  mm. ;  (6J  radical 
anchors,  similar,  but  with  a  thicker  head  and  shorter,  stouter  rays ; 
shaft,  31*5  by  0*315  nmi.  ;  rays,  0*1  by  0*024  mm. ;  spread, 
0*1  mm. ;  (6)  arculi  and  sigmellse,  0*0118  mm.  long.  In  small 
specimens  the  spicules  are  smaller;  thus,  in  one  18  by  13  mm.  in 
diameter,  the  acerate  is  only  3*5  mm.  long,  in  another,  32  by 
26  mm.,  it  is  4*65  mm.  long. 

Habitat. — Kerguelen  and  Christmas  Island.    10-150  fms. 

Tetilla  pedifera^  sp.  n. — Sponge  small,  somewhat  thumb-shaped ; 
surface  hispid ;  oscules  numerous,  small ;  ectosome  thin,  supported 
by  numerous  acerates  lying  parallel  to  its  surface.  Spicules — 
(1)  fusiform  acerate,  3*2  by  0*03  mm. ;  (2)  forks,  a  slender  shaft, 
with  a  filiform  end ;  arms  of  unequal  length,  varying  from  3  to  1  in 
number ;  shaft,  2*38  by  0*012  mm. ;  arms,  long  ray,  0*15  mm. ; 
two  short  rays,  0*06  mm.  long ;  (3)  anchors ;  arms  reduced  to  one, 
BO  that  the  spicule  somewhat  resembles  a  shepherd's  crook ;  shaft, 
4*46  by  0*0276  nmi. ;  ray.  0*13  mm.  long  ;  spread,  0055  mm. 

EaUtat.— -hat.  0^  48'  30"  S. ;  long.  126°  58'  30"  E.     825  fms. 

Genus  2.    Chrotella,  g.  n. — The  ectosome  is  a  fibro-vesicular 

Digitized  by  LjOOQ IC 


SoLLAS — On  TetractinelHd  Sponges.  181 

oollenchymei  with  aoerate  spicules  strewn  through  it  in  varioua 
directions,  but  not  at  right  angles  to  the  surface ;  the  mesoderm  is 
a  granular  ooUenohyme ;  the  canal  system  eurypylous,  or  aphodal. 

Chrotella  simplex^  sp.  n.  Sponge  somewhat  spherical ;  surface 
pilose ;  oscules,  one  or  more,  minute.  Spicules — (1)  fusiform 
aoerate,  3*0  by  0*0237  mm. ;  (2)  trifid  fork;  shaft,  with  a  filiform 
end,  3-4  by  0-02  mm.;  rays,  0158  by  0016  mm.;  (3)  anchor; 
ahaft,  with  a  filiform  end;  axial  fibre  produced  distally  beyond 
the  origin  of  the  rays ;  shaft,  5*35  by  0*016  nmi. ;  (4)  aigmella 
and  arculus,  0  0118  mm.  long. 

Habitat.— laA.  16°  50'  N. ;  26°  8'  W.     260  fms. 

Chrotella  macellata^  sp.  n. — Sponge  spherical,  depressed,  with  aflat 
base ;  oscules  multiple,  each  leading  into  a  large  doaoal  chamber ; 
snrfaoe,  hispid ;  flagellated  chambers  small.  Spicules — (1)  fusiform 
aoerate,  5*7  by  0*055  nmi. ;  trifid  forks,  with  short  prongs,  highly 
porreotate,  0*08  by  0*02  mm. ;  shaft,  fusiform,  7*95  by  0*0276  mm. ; 
(3)  trifid  fork,  with  longer  rays,  less  porrectate,  0*23  by  0*02  mm. ; 
shaft,  2'5  by  0*24  mm. ;  (5)  two-pronged  (dicellate),  and  one« 
pronged  (macellate)  forks,  derived  from  No.  4  by  reduction  in  the 
number  of  the  rays;  shaft,  3*49  by  0*0316  mm. ;  prongs  of  dicel- 
late  form,  044  by  00316  mm. ;  of  macellate,  0*58  by  0*0316 mm. ; 

(6)  anchors,  shaft,  6*5  by  0016  mm.;  rays,  0*06  by  0*014  mm. ; 

(7)  arculi  and  sigmellse  from  0012  to  0016  mm.  long ;  (8)  a dg- 
mella  with  two  turns  (=  a  spirula),  characterizes  the  cortex,  0*03 
to  0*04  nmi.  long. 

Habitat.— LbA.  IV  37'  N. ;  long.  123°  31'  E.    18  fms. 

Qenus  3.  Craniella,  0.  Schmidt.— The  cortex  is  differentiated 
into  an  inner  fibrous,  and  outer  collenchymatous  layer ;  the  latter 
excavated  by  intercortical  cavities ;  the  former  traversed  at  right 
angles  by  cortical  acerates;  the  mesoderm  of  the  choanosome  is 
a  sarcenohyme ;  the  canal  system  is  aphodal. 

Craniella  iou'^rianM,sp.n.— The  spicules  include^(l  fusiform 
acerates  of  the  body,  3*26  by  0*047  mm.,  and  of  the  cortex  1*4  by 
004  mm. ;  (2)  forks,  with  a  shaft,  5*12  by  0*024  nun. ;  rays,  0*12 
mm.  long. ;  spread,  006  to  007  mm. ;  (3)  anchor,  5*8  by  about 
0*02  mm.  The  axial  fibre  of  the  shaft  is  continued  into  the  head 
past  the  origin  of  the  arms.    Arculi  and  sigmell«9  absent. 


Digitized  by  LjOOQ IC 


182  Scientific  Proceedings^  Royal  Dublin  Bodety. 

Sahitat — Port  Jackson,  vax  a. ;  Sydney,  36  fms.,  var,  b. ;  Zam 
boanga,  var.  c.\  lat.  10^  30'  S. ;  long.  142°  18'  E. ;  8  fms.  This  is 
probably  one  of  the  two  very  diflEerent  sponges  whioh  were  named 
T.  simillima  by  Bowerbank. 

Craniella  pulchra,  sp.  n. — Spicules — (1)  fusiform  acerate  4*6  by 
0  05  mm.     Small  acerate  of  the  cortex  1*2  by  0-0395  mm. ; 

(2)  triad  fork,  shaft  7*1  by  0-0225  mm. ;  prongs  0.125  mm.  long. ; 

(3)  anchor,  shaft,  8-57  by  0-0165  mm. ;  rays,  0-0434  by  0-012  mm. ; 
the  axial  fibre  of  the  shaft  extends  into  the  head  beyond  the  origin 
of  the  rays. 

Eabitat.—Ijit  16°  50'  N. ;  long.  26°  8'  W.    260  fms. 

Craniella  earterij  sp.  n. — Cortex,  distinguished  by  curious  cell- 
aggregates,  distributed  through  its  outer  collenchymatous  layer. 
These  parenchyma-like  masses  of  cells  are  sharply  distinguished 
from  the  surrounding  tissue,  they  scarcely  stain  with  reagents, 
and  contain  ochreous-coloured  spherical  granules.  Spicules — 
(1)  fusiform  acerate,  2-6  by  0035  mm.,  and  a  smaller  acerate  of 
the  cortex ;  (2)  trifid  forks,  shaft,  3-5  by  0*014  to  0016  mm. ; 
rays,  0-0868  by  0-012  nmi. ;  (4)  anchors,  with  rays  not  quite 
terminal,  the  shaft  being  continued  far  enough  to  give  a  double 
curvature  to  the  distal  margin :  shaft,  6*75  by  0*02  nam. ;  rays, 
0-06  mm.  long.    Arouli  and  sigmelbe  absent. 

Habitat. — ^Bahia. 

Craniella  8chmidtiiy  sp.  n.— Spicules — (1)  fusiform  acerate,  1*34 
to  2*23  by  0*03  mm. ;  and  smaller  acerates  of  the  cortex,  0*414 
by  00276  mm.  long ;  (2)  trifid  fork,  two  varieties  which  pass  into 
ekch  other ;  one  with  short,  stout,  rays,  0*127  by  0-0237  mm. ;  the 
other,  with  longer,  slenderer,  rays,  0-142  by  0-012 ;  (3)  anchors, 
rays,  0-075  by  0*016  nmi. ;  spread,  001  mm. ;  the  axial  fibre 
extends  into  the  head ;  (4)  arculi  and  sigmellae,  0-0197  mm.  long. 

Habitat.— lAt  38°  30'  N. ;  long  31°  14'  W. ;  1000  fms.  This 
sponge  is  probably  one  of  those  which  0.  Schmidt  has  named 
Craniella  cranium^  which  is  a  purely  northern  species,  and  it  appears 
doubtful  whether  Schmidt  had  ever  seen  it. 

'     Genus  4.     Cinochyra,  g.  n. — The   ectosome  forms  a  cortex, 
which  consists  chiefly  of  a  dense  fibrous  felt;  cortical  acerates 
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traverse  it  transversely  ;  the  innermost  layer  of  the  cortex  is  free 
from  spicules ;  the  cortex  is  not  excavated  by  intercortical  cavities ; 
the  oscules  and  pores  are  confined  to  special  flasked-shaped  recesses ; 
the  month  of  each  flask  is  sphinctrate ;  the  walls  are  perforated  by 
pores  which  communicate  with  the  incurrent  or  excurrent  canals, 
as  the  case  may  be ;  the  mesoderm  of  the  choanosome  is  a  granidar 
oollenchyme ;  the  canal  system  is  eurypylous. 

Cinochyra  harbataj  sp.  n. — Sponge  sub-spherical  or  sub-cylin- 
drical, seated  on  a  dense  mass  of  its  own  anchoring  filaments. 
Oscules  and  pores  as  in  genus.  Spicules — (1)  fusiform  acerate, 
8-03  by  0*71  mm. ;  and  a  smaller  acerate  of  the  cortex,  0*892  by 
0-0355  mm. ;  (2)  forks,  a  fusiform  shaft,  13-21  by  0-0296  mm. ; 
rays,  0-178  mm.  long ;  (3)  trichite  forks,  shaft,  0-13  by  0*004  mm. ; 
lays  variable  in  length,  one  longer,  about  0-03  mm.  long ;  two 
shorter,  about  0-016  mm.  long ;  (4)  anchors  confined  to  the  lower 
part  of  the  sponge ;  shaft  from  20*0  to  40-0  by  0-024  to  003  mm. ; 
rays,  0-103  by  0-016  mm. ;  spread  0-118  mm.  ;  (5)  arouli  and 
sigmellsB,  about  0*0156  mm.  long. ;  (6)  globules,  0-0535  mm.  in 
diameter. 

Habitat — Eerguelen,  10  to  150  fms. 

Family  2.    thkhwiiiA 

Grenus  1.  Thenea. — Sponge  of  symmetrical  form,  with  special- 
ised poriferous  areas.  The  triana  are  bifurcated  forks,  with  long 
secondary  rays ;  and  anchors. 

I%enea  fnuricatay  Bwk. — Occurs  in  the  northern  regions  of  the 
North  Atlantic,  not  present  in  the  Challenger  collection. 

I%&nea  schmtcUiij  sp.  n. — Sponge  similar  to  T.  murkataj  Bwk., 
but  distinguished  by  the  large  size  of  its  calthrops  spicules,  and  by 
the  comparative  thinness  of  the  coUenchymatotis  layer  about  the 
canal  walls;  the  rays  of  the  calthrops  from  0*175  to  0*205  mm. 
long. 

JToiite^.— Station  iv.,  lat.  36^  25'  N. ;  long.  8^  12'  W. ;  600 
fms. ;  station  73,  lat.  38°  30'  N. ;  long.  31^  14'  W. ;  1000  fms. ; 
and  (0.  Schmidt)  Florida,  198  fms. 

jP.  grayiy  sp.  n. — Sponge  with  a  more  or  less  flattened  pummit 
and  rounded  base,  which  in  young  forms  is  hemispherical.    Oscule, 
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large  round,  laterally  placed,  poriferous  area,  also  lateral  on  the 
opposite  side  to  the  oscule :  both  oscular  and  poriferous  margins 
fringed  with  long  spicules.  Rootlets  few  and  slender.  Flagel- 
lated chambers,  0*063  mm.  in  diameter.  Spicules — (I)  fusiform 
aoerate,  10-07  by  0-026  mm.,  and  7-8  by  0-08  mm. ;  (2)  porrectate 
forks,  shaft,  6-88  by  0-087  mm. ;  arms,  0-828  by  0-083  mm. ; 
(3)  bifurcated  forks,  shaft,  5-88  by  0  087  mm. ;  primary  rays, 
0-238 by  00726 mm. ;  secondary,  1193  by  006  mm. ;  (4)  somatic 
anchor,  shaft,  1*07  by  0*006  mm. ;  rays,  0-048  mm.  long;  spread, 
0-09  mm. ;  (5)  radical  anchor,  10  33  by  0-0175  mm. ;  rays,  0-09  to 
0*012  mm. ;  spread,  0-123  mm. ;  (6)  calthrops  small,  with  slender 
rays,  a  single  ray,  0*143  nmi.  long ;  (7)  smaller  calthrops  of  usual 
form;  (8)  spini-spirulae,  a  stout  spiral  body,  0*0118  mm.  long; 
spines,  0016  mm.  long.    QreyiBh-white. 

Habitat.^B\A^on  164  c,  kt.  34^  19^  S.;  long.  15r  31'  E, 
400  fms. 

Thenea  icyvillii^  sp.  n. — Sponge,  upper  surface  rounded, 
cushion-like  or  flat,  with  a  central,  shallow,  basin-like  depres* 
sion,  in  which  the  excurrent  canals  open  by  small,  numerous, 
oscula.  Equatorial  margin  sharp,  thin,  without  a  spicular  fringe, 
projecting  over  the  lower  surface,  which  is  produced  into  several 
strong  rootlets,  ending  below  in  a  tangled  spicular  base.  Poriferous 
membrane  continuous  round  the  equatorial  area.  Spicules — 
(1)  acerate,  7-86  by  0*07  to  0-084  mm. ;  (2)  porrectate  fork, 
shaft,  6*8  by  0*072  mm. ;  arms,  0*5  mm.  long ;  (3)  bifurcate  forks, 
distinguished  by  the  crooked  form  of  these  shafts,  which  measure 
4*28  by  00968  mm. ;  primary  arms,  0*178  by  0*08  mm. ;  secon- 
dary, 0*54  by  0*064  mm. ;  (4)  somatic  anchors,  shaft,  0*876  by 
0*008  mm.;  rays,  0*95  mm.  long;  spread  01  mm.;  (5)  radical 
anchors,  182  by  0*011  mm.;  rays,  0*1  by  0014  mm.;  (6)  cal- 
throps, very  regular,  triradiate  and  quadriradiate,  as  well  ajs  other 
forms;  one  ray  of  a  quadriradiate  measures  from  0*08  to  0*09  by 
0*0118  mm. ;  (7)  small  calthrops;  rays,  from  4  to  10  in  number, 
about  0*02  mm.  long;  (8)  spini-spirulee,  a  slender  spiral  shaft, 
and  numerous  spines,  total  length,  002  to  0-025;  length  of  a 
single  spine,  0-004  mm.    Yellowish-white. 

//«6iY(?/.— Station  209;  lat.  10^  14' N.;  long.  123°  54'  W. 
95  fins. 
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T./eneatrataj  0.  Schmidt 

T.  delicatay  sp.  n. — Spon^^o,  small  symmetrical,  a  conical  upper 
half,  sharply  defined  firom  a  hemispherical  lower  half ;  upper 
surface  hirsute;  oscule  apical;  flagellated  chambers,  0*087  by 
0-067  mm.  Spicules— (1)  aoerate,  6-3  by  0044  mm. ;  (2)  por- 
rectate  forks,  shaft,  4*10  by  002  mm.;  arms,  0*35  mm.  long; 
(3)  bifurcate  forks,  shaft,  4*82  by  0*065  mm. ;  primary  rays,  0143 
by  0*06  mm. ;  secondary  rays,  1*07  by  0*06  mm. ;  (4)  somatic 
anchors,  shaft,  0954  by  0008  mm.  ;  rays,  0075  mm.  long  ; 
spread,  0*876  mm. ;  (5)  anchoring  spicules  terminate  in  rounded 
olub-like  heads ;  shaft,  5*35  by  004  mm.  ;  head,  00645  mm. 
wide;  (6)  calthrops  few,  small,  tending  to  a  spiral  form;  rays, 
0*08  by  0008  mm. ;  (7)  spini-spirulee,  shaft  short  and  straight, 
spined  at  the  ends ;  total  length,  0*04  mm.  G-reyish-white. 

Habitat.— Btaiion,  147.,  lat.  46^  16'  S. ;  long.  48°  27'  W. 
1600  ims. 

T.  wrightiiy  sp.  n. — Sponge  depressed,  a  flat  or  obtusely  conical 
upper  surface,  bearing  the  oscule ;  and  a  flat  base ;  margin  more  or 
less  lobate  ;  equatorial  recess  discontinuous  ;  forming  a  number 
of  circumscribed  poriferous  areas.  Oscular  and  poral  areas  not 
defended  by  projecting  spicules ;  rootlets  absent.  The  flat  cake- 
like form  of  the  sponge  is  characteristic. 

-HaWte^.— Station  302,  lat.  42°  43'  8. ;  long.  82°  11'  W. 
1450  fms. 

Genus  2.  Hormania. — Sponge  without  specialized  porous  areas, 
like  those  of  Thenea  ;  triana ;  simple  forks,  without  anchors ; 
quadriradiate  spicules,  as  well  as  calthrops,  occur  in  the  choano- 
some ;  mesoderm  of  the  choanosome  a  collenchyme ;  canal|  system, 
eurypylous. 

Narmania  schulziif  sp.  n. — A  plate-like  erect  sponge,  bearing 
pores  on  one  surface,  and  oscules  on  the  other ;  distinguished  from 
Normania  crassa  by  the  size  of  its  spicules ;  the  acerates,  3*57 
by  0*071  mm. ;  the  forks,  shaft,  0-714  by  0*071 ;  arms,  0*857  mm. 
long. 

JTaWto^.— Station  150 ;  lat.  52°  4'  S. ;  long.  71^  22'  E.   160  fms. 

JV.  crassiusculay  sp.  n. — ^A  plate-like  sponge^similar  in  character 
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of  its  spicules  to  N.  echuhiiy  but  distinguished  by  the  course  of  the 
exourreut  canals,  which  run  obliquely  and  longitudinally  upwards 
through  the  plate  to  open  in  patent  oscules  on  one  face  of  the 
plate. 

Habitat.— Vorio  Ttbj%  St.  Jago.    100-128  fms. 

N.  goliath^  sp.  n. — Sponge  massive,  surface  raised  into  sharp 
undulating  ridges,  with  deep  intervening  furrows ;  surface  hispid ; 
oscules  numerous  on  the  sides  and  summits  of  the  ridges.  Spicules — 
(1)  fusiform^acerate,  2*475  by  0-08  mm. ;  (2)  calthrops,  each  ray 
0-684  by  0-05  mm. ;  (3)  acerella,  0-316  by  0-008  mm. ;  (4)  echi- 
nella,  0*16  mm.  long;  (5)  globules,  0*16  mm.  in  diameter. 

ITfli^a^.— Station  122 ;  lat.  9°  6'  S. ;  long.  34°  50'  W.  350  fms. 

N.  laminarisy  sp.  n. — Sponge,  a  thin  lamellar  expansion  4  to  5 
mm.  thick ;  oscules  small,  dispersed  on  the  inner  face.    Spicules — 

(1)  a  stout  fusiform  acerate,  3*5  by  0*05  mm. ;  (2)  a  slender  cylin- 
drical acerate,  5*3  by  0*008  mm. ;  (3)  fork ;  shaft,  0678  by  006  ; 
arms,  0357  by  0*06  mm. ;  calthrops,  acerella,  echinella,  and  spini- 
spirula  also  present. 

Habitat. — ^Amboyna. 

N.  tenuilaminarisj  sp.  n.— This  chiefly  differs  from  the  preced- 
ing species  by  the  greater  thinness  of  the  wall,  which  is  from  3 
to  3*5  mm.  thick.  I  now  only  provisionally  distinguish  it,  reserving 
a  final  decision  to  the  completed  report. 

JTaiiYo/.— Station  236,  lat.  34°  58'  N. ;  long.  139°  29'  E. ; 
238-775  fms. 

GJ-enus  3.  Vnlcanella,  g.  n.— Spicules  similar  to  those  of  Nor- 
mania ;  sponge  distinguished  by  the  specialisation  of  the  osoula, 
each  the  large  patent  opening  of  a  shallow  cloaca,  which  is  lined 
by  a  coarsely  fenestrate  membrane. 

Vulcanella  cribrifera^  sp.  n. — Sponge  egg-shaped,  bearing  one 
or  more  large  oscules  on  the  upper  surface ;  margins  of  oscules 
strongly  hispid.  Spicules — (1)  fusiform  acerate,  3*04  by  0067  mm. ; 

(2)  slender  hispidating  acerate,  7*5  by  003'2  mm.  ;  (3)  fork, 
shaft,  1*0  by  004  mm. ;  arms,  0*25  by  0*032  mm. ;  (4)  calthrops 
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(possibly  not  proper  to  the  sponge),  rays  from  0-28  to  0*64  mm. 
long;  (5)  aoerella,  0-011  mm.  long;   (6)  spini-spirula,  0*016  to 
0'02  mm. ;  (7)  cylindrioal  spicules,  with  rounded  ends  (sausage- 
shaped),  0*357  by  0*028  mm. ;  these  are  oonfined  to  the  oloaca. 
Habitat. — St.  Jago,  Porta  Praya. 

Ghnus  4.  Charaoella,  g.  n. — Similar  to  Normania,  but  dis- 
tinguished by  the  absence  of  forks  in  the  choanosome;  and  by 
possessing  only  one  form  of  flesh-spioule,  which  is  an  amphiaster 
form  of  spini-spirule. 

Characella  aspera^  sp.  n. — Sponge  irreg^ar  in  form ;  growing 
into  ixreg^ar  ridges,  lobes,  and  folds ;  osoules  numerous ;  pores 
generally  dispersed  or  collected  within  circular  depressed  areas. 
Spicules— (1)  acerate,  1*476  by  0073  mm. ;  (2)  forks,  shaft  from 
0*2  to  04  by  0*04  to  0*074  mm. ;  arms,  when  simple  0*2  to  0*64  mm. 
long;  when  bifurcate,  primary  rays,  0*143;  secondary,  0*27  mm^ 
long;  (3)  acerella,  0*4  by  0*008  mm.;  (4)  amphiaster,  0*0276  to 
0*0434  mm.  long ;  (6)  globules  0*05  mm.  in  diameter. 

BflJiYfl/.— Station  122 ;  lat.  2°  5'  S. ;  long.  34°  50'  W.   350  fms. 

Family. — 8TELIiETTn)2. 

The  genera  of  the  family  SteUettidas  may  be  arranged  in 
sub-families,  as  follows : — 

A.  StellettidcB  with  but  one  form  of  stellate. 

1.  Sub-family.    HOHASTESIHA. 

Ectosome  not  a  cortex — Myriastra. 
Ectosome  a  cortex. — Pilochrota.    Asterella. 

B.  Stellettidsa  with  more  than  one  form  of  stellate  (Heteras- 

terina). 
(a)  Both  forms  are  stellates. 

2.  Sub-family.    8TELLETTIHA. 

Stellates  are  the  only  flesh  spicules. 
Without  a  cortex — Anthrastra. 
With  a  cortex— Stelletta. 
Triohite  sheaves  are  also  present — ^Dragmastra. 
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[b)  One  form  is  a  stellate,  the  second  a  sanidaster. 

3.  Sub-family.     SANISASTEBnTA. 

No  other  flesh  spioulee  are  present — TribracMnnt 
Triohite  sheaves  are  present  as  well — ^Tethyopsis. 

{c)  One  form  is  a  stellate,  the  second  an  amphiastrella. 

4.  Sub-family.     STBTFHVIirA. 

A  single  genus— Stryphnus. 

(d)  One  form  is  a  stellate,  the  other  a  spined  bacillus. 

5*  Sub-family.    FSAMHASTESIHA. 
A  single  genus— Psammastra. 

Although  this  classification  appears  to  be  wholly  based  on  the 
flesh-spicule,  it  is  not  so  in  fact ;  but  it  happens  as  a  remarkable 
coincidence  that  differences  in  the  flesh-spicide  are  as  a  rule  asso- 
ciated witli  other  and  profounder  differences  in  the  organism  :  we 
might  easily  have  brought  the  latter  more  prominently  forward  in 
this  classification,  but  it  would  have  involved  more  space  than  we 
can  here  afford. 

Genus  1.  Myriaster. — Sponge  small;  oscules  distinguishable 
from  pores ;  eotosome  thin,  mainly  coUenchymatous,  excavated  by 
widely  extending  sub-dermal  cavities,  which  are  never  restricted  to 
form  chones.  Flesh  spicules,  chiasters  only.  (The  chiaster  is  a 
small  stellate,  with  an  excessively  minute  centrum,  hair-like  rays 
either  abruptly  truncated  at  the  ends,  or  capitate ;  usually  few  in 
number.  The  typical  forms,  with  few  rayfl  and  capitate  ends,  may 
be  fancifully  supposed  to  represent  the  Ghreek  letter  x^  hence  the 
name  chiaster).  The  mesoderm  is  a  sarcenchyme,  the  flagellated 
chambers  small,  usually  about  0*02  mm.  in  diameter ;  they  open 
by  short  abiti  into  the  excurrent  tubes.  Distribution  chiefly  in 
Australian  seas. 

Myriaster  subtilis,  sp.  n. — Sponge  small,  lobate ;  a  few  small 
oscules.  Spicules— (1)  acerate,  1'35  to  1-6,  by  0'032  mm. ;  (2)  fork ; 
shaft,  1-2  by  0*04  mm. ;  rays  bifurcate  ;  primary  rays,  0042 ; 
secondary,  016  nun.  long;  (3)  anchor,  shaft,  1-16  by  0012  mm.  j 
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rays,  0*04  mm.  long ;  (4)  ohiaster ;  rays  capitate,  0*008  to  0*016  mm. 
in  diameter. 

Habitat — ^Kobei,  Japan.    8  to  50  fms. 

Myriaster  simpUdfurca^  sp.  n.-f— Sponge  small ;  a  single  osoule 
on  npper  srirfaoe.  Spicules — (I)  aoerate,  2*0  bj  0*0316  nmi. ; 
(2)  fork,  shaft,  2*326  by  0-066  mm.;  arms,  simple,  0*37  by 
0*054  mm. ;  (3)  anchor,  shaft,  1*86  by  0-03  mm. ;  rays,  0*12  mm. 
long;  (4)  ohiaster,  0-012  mm.  in  diameter. 

JTaJtYa^.— Station  186,  lat.  10°  30'  S. ;  long.  142°  18'  E.  8  fms. 

Myriaster  taxodontay  sp.  n. — Sponge  small ;  a  few  small  oscnles. 
Spicules— (1)  acerate,  3*42  by  0-032  mm. ;  (2)  fork,  shaft,  3*6  by 
0-05  mm ;  arms,  bifurcate ;  primary  rays,  0-095  to  0-127  mm. 
long;  secondary,  0-29  to  0-32  mm.  long ;  (3)  anchor,  shaft,  3*6  by 
0-024  mm. ;  rays,  0*1114  mm.  long ;  (4)  ohiaster,  0*01  to  0*016  mm. 
in  diameter. 

-HaWto^.— Station  203,  lat.  IV  6'  N. ;  long.  123°  9'  B.    20  fms. 

Myriaster  clavosa,  Bidley. 
.Ba^Ya^.— Stations  186  and  208. 

Myriaster  quadrata,  sp.  n. — Sponge  small,  a  single  small  osoule. 
Spicules— (1)  acerate,  2*56  by  0  016  mm. ;  (2)  fork,  shaft,  3-2  by 
0*028  mm. ;  arms,  bifurcate ;  primary  rays,  0*11  nmi.,  secondary 
rays,  0-27  mm.  long ;  (3)  anchor,  shaft,  3*14  by  0*02  mm. ;  rays, 
0*1  nmi.  long ;  (4)  ohiaster,  0-008  mm.  in  diameter. 

Habitat.— BtBiion  212,  lat.  6°  64'  N. ;  long.  122°  18'  B.   10  fms. 

Genus  2.  Pilochrota,  g.  n. — Osoules  distinct,  pores  in  sieves 
overlying  inourrent  chones ;  ectosome,  thick  fibrous  oortex ;  flesh 
spicules,  chiasters ;  choanosome,  as  in  Myriaster.  Distribution : 
Australian  seas,  Tahiti,  West  Indies,  S.  Atlantic. 

Pilochrota  haeckeliy  sp.  n. — Sponge  sub-globular ;  osoule  single. 
Spicules— (Ij  acerate,  2-07  by  0046  mm. ;  (2)  fork,  shaft,  2*18  by 
0*065  mm. ;  arms,  simple,  0-24  to  0*32  mm. ;  (3)  anchor,  shaft, 
3*03  by  0*035  mm. ;  rays,  0*16  mm.  long ;  (4)  small  acerate  of  the 
doaoa;  (5)  ohiaster,  0-016  mm.  in  diameter. 

Habitat. — ^Zamboanga.    10  fms. 
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P.  anancoraj  sp.  n. — Bpooge  small,  spherioal,  depreflsed,  oeoule 
single.  Spicules— (1)  aoerate,  1-68  by  0*023  mm.,  to  3-18  by 
0-023  mm. ;  (2)  fork,  shaft,  1-63  by  0-0276  mm. ;  arms,  simple, 
0-127  mm.  long ;  (3)  ehiaster  as  usual. 

fia6tte<.— Bahia.    7-20  fins. 

P.  gigasy  sp.  n. — Sponge  massiye ;  several  large  osoules  on  the 
upper  surface.  Spicules — (1)  and  (2),  3-18  by  0-024  mm. ;  acerate, 
1-7  by  0-039  mm. ;  (3)  fork,  shaft,  1-96  by  0-039  mm. ;  anna, 
0*223  mm.  long;  (4)  ohiaster,  capitate  rays,  0*013  mm.  in  dia- 
meter. 

Habitat.— &i.  Paul's  Bocks. 

P.  tenuiyncula, — Sponge  small,  oscule  single.  Spicules — 
(1)  acerate,  1*35  to  2*3,  by  0-016  mm. ;  (2)  fork,  shaft,  1-6  by 
0-016  mm. ;  arms,  0-12  mm.  long ;  (3)  ehiaster;  rays  not  capitate, 
0*012  mm.  in  diameter. 

Habitat. — ^Bermuda,  W.  Indies. 

P.  pachydei^ma^  sp.  n.— Sponge  massive,  lobate,  free,  two  or 
more  oscules  on  the  upper  surface ;  cortex  very  thick.  Spicules — 
(1)  acerate,  1-193  by  0-0178  nun.  ;  (2)  fork,  shaft,  1*114  by 
0*022  mm. ;  arms,  simple,  0*12  mm.  long ;  (3)  anchor,  shaft,  1*35 
by  0-0168  mm. ;  rays,  0-067  mm.  long ;  (4)  ehiaster,  rays  abruptly 
truncate,  but  not  capiate,  0006  to  0*011  mm.  in  diameter;  colour, 
purplish. 

JBToWto^.— Tahiti.    30-70  fms. 

P.  cramspiculay  sp.  n. — Sponge  irregularly  spherical;  free; 
oscule  single.  Spicules— (1)  acerate,  3-6  by  0024  mm.,  and  2*3 
by  0052  mm. ;  (2)  fork,  shaft,  2*36  by  0-08  mm. ;  arms,  0-254  mm. 
long;  (3)  ehiaster,  rays  capitate;  from  0-012  to  0-02  mm.  in 
diameter. 

JTaM^a^.— Bahia.    7  to  20  fms. 

P.  purpurea^  Bidley. 

P.  hngancoroj  sp.  n. — Sponge  small ;  a  single  circular  oscule, 
having  the  margin  fringed  by  minute  acerates  projecting  radiately 
in  the  plane  of  the  apertures.    Spicules— (1)  aoerate,  1-63  by 
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0*085  mm. ;  (2)  fork,  shaft,  2*1  by  0*047  mm. ;  arms,  simple, 
0*35  mm.  long  ;  (3)  anchor,  shaft,  3*5  by  0*024  mm. ;  xays, 
0*076  mm.  long ;  (4)  minute  aoerate  of  oscular  margin ;  (6)  ohias- 
ter,  0*009  mm.  in  diameter  in  the  ectosome,  0*012  mm.  in  ohoano- 
Bome. 

EaUiat—Torr^  Straits.    3-11  fms. 

Genus  3.  Anihastra,  g.  n. — Sponge  usually  more  or  less 
spherical ;  oscules  distinguishable  from  the  pores  or  not ;  ectosome 
tiiin,  chiefly  collenohymatous,  excavated  by  extensiye  sub-dermal 
cavities  which  never  form  chones ;  choanosome  as  in  Myriaster. 
Flesh  spicules  an  anthaster  and  usually  a  chiaster.  (The  anthaster 
is  a  stellate  with  conical  or  baoillar  microspined  rays,  which  may 
be  numerous  but  are  usually  few  in  number,  and  may  be  reduced 
to  two,  when  a  spined  bacillus  is  the  result.)  Distribution : 
Australian  seas,  and  Japan. 

Anthastra  communis^  sp.  n. — Sponge  more  or  less  spherical,  free 
or  attached ;  oscules  not  distinguishable  from  the  pores.  Spicules 
—(1)  acerates  4*2  to  6*6  by  0*06  to  009  mm.  (2)  fork  with  bifur- 
cated arms,  primary  rays  projecting  forwards  and  outwards,  some- 
times more  outwards  than  forwards,  sometimes  the  reverse,  then 
giving  the  head  a  cyathi-f orm  appearance,  secondary  rays  horizon- 
tal, shaft,  4'4  to  6*7  by  0*09  to  0*11  mm. ;  primary  rays,  0*14  to 
0*16 ;  secondary,  from  0*62  to  1*114  mm.  long ;  (3J  anchor,  shaft, 
3*0  to  4*3  by  0*32  to  0*39  mm. ;  rays,  0127  to  016  mm.  long. ; 
(4)  anthaster,  rays  few,  0*02  to  0*03  mm.  long ;  (5)  chiaster,  spines 
numerous,  0*006  to  0008  mm.  long ;  colour,  greyish-white,  some- 
times russet-red  (owing  to  presence  of  algal  cells  P). 

-ffaWto^.— Station  162,  lat.  39^  10'  30"  S. ;  long.  146^  37'  B.; 
38  fms.  Station  162a ;  lat.  36°  59'  S. ;  long.  160°  20'  E. ;  160 
fms.    Port  Jackson,  6  to  16  fms. 

Anihastra  pukhray  sp.  n. — Sponge  small,  globular,  free,  a  single 
oscule.  Spicules — (1)  acerate,  2*4  to  3*1  by  0*0316  mm. ;  (2)  fork 
with  simple  arms,  shaft,  2*6  to  2*9  by  0*0474  mm. ;  arms,  0*26 
mm.  long;  (3)  anchor,  shaft,  2*6  to  2*9  by  0*0316  mm.;  rays, 
0*126  mm.  long;  (4)  anthaster,  rays  few,  0*016  mm.  long; 
[6)  chiaster,  variable  in  character,  rays  seldom  capitate. 

Sabitat.StsAiou  163  a.;  lat.  36°  69'  S. ;  long.  160°  20'  E. 
160  fms. 
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Anthoitra  partitpieula^  sp.  n. — Sponge  small,  q^iflrical,  free,  a 
single  small  oscole.  Spicules — (1)  aoerate  1*3  hj  0*02  mm.; 
(2)  fork  wiili  simple  aims,  shaft,  1*75  hj  0*02  mm. ;  aims,  0-21 
mm.  long ;  (3)  anchor,  shaft,  1'3  by  0-016  mm. ;  lays,  0*045  mm. 
long;  (4)  anthaster  as  mA.pukhra;  (5)  chiaster,  lays  not  capitate, 
0*0118  mm.  long. 

-HbWa/.— Station  161;  ,lat  38^21' 30^  S.;  long.  144^  36^  30^E. 
83fms. 

GJ-enos  4.  Seionema,  Bwk. — Similar  to  Anthastra,  bat  with  the 
osoules  confined  to  the  sommit,  the  excnrrent  tubes  running  longi- 
tudinally and  vertically  through  the  sponge. 

JEcionema  ridleyiy  sp.  n. — Sponge  ovate,  several  small  oscules 
on    the    summit.    Spicules— (1)   aoerate,  4*07  by  0-118  mm. ; 

(2)  fork,  with  simple  arms,  4*3  by  0*118  mm. ;  arms,  0*27  to 
0*32  mm.  long  ;  (3)  anchor,  shaft,  3*6  by  003  mm. ;  rays, 
0*103  mm.  long ;  (4)  anthaster,  small ;  rays  few  or  numerous ;  a 
single  ray  of  a  tetrad  form,  0*01  by  0*004  mm. ;  (5)  chiaster,  rays 
slender,  hair-like,  capitate,  0*016  mm.  in  diameter. 

ifaJite^.— Port  Jackson.    80-35  fms. 

Ecumema  pf/riformiSf  sp.  n. — Sponge  obconio,  attached  by  flat 
base,  summit  bearing  numerous  small  oscules;  pores  in  sieves, 
generally  distributed  over  the  sides ;  chief  excurrent  canals  vertical. 
Spicules— (1)  aoerate,  3*14  by  0*095,  to  4  by  0*104  mm. ;  (2)  fork, 
shaft,  3*02  by  0*096,  to  3*72  by  0*163 ;  arms  bifurcate ;  primary 
rays,  0*1114,  secondary  rays,   0*1114  to  0175  mm.  in  length ; 

(3)  anchor,   shaft,  2*1  by  0*023  mm.  ;  rays,   0016  mm.  long; 

(4)  anthaster,  bacillary  rays  with  rounded  ends,  microspined, 
usually  4  to  7  in  number ;  a  single  ray  of  a  tetrad  form,  0*013  by 
0*004  mm. ;  (5)  chiaster  rays  capitate,  0*008  mm.  long. 

Habitat — Port  Jackson.    30  to  35  fms. 

GJ-enus  4.  Stelletta,  Schmidt. — Eotosome  a  thick  cortex, 
traversed  by  chones.  Spicules,  two  kinds  of  stellates,  one  with 
conical  pointed  rays. 

Stelktta  phrmem^  sp.  n. — Spongo,  globular  or  cylindrical, 
attached;  surface  hispid,  with  spicv.  3  which  project  6  to  7  mm. 
beyond  it ;  oscules  small,  congregated  ;  pores  in  sieves;  cortex  thick, 
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the  outer  ooUenohymatous  layer  without  spicules.     Spicules — 

(1)  aoerate,  4-75  by  0-07  mm. ;  (2)  fork,  shaft,  8-5  to  4-2,  by 
0'12  mm. ;  rays  bifurcate  ;  primary  rays  about  half  the  length  of 
seoondaiy,  which  are  0*3  mm.  long ;  (3)  anchor,  shaft,  872  by 
0*06  mm. ;  (4)  stellate  sharp  conical  rays,  small  centrum ;  rays 
from  0*02  to  0*027  mm. ;  (5)  pycnaster,  a  comparatively  large 
centrum,  provided  with  numerous  short  spines,  with  truncated 
ends,  0*01  mm.  in  diameter. 

JToWfo^.— Station  308,  lat.  50°  8'  30"  S.;  long,  74°  41'  W. 
175  fms. 

Ghnus  5.  Astrella,  g.  n. — Like  Stelletta,  but  with  only  one 
form  of  stellate,  a  pyonaster,  i.  e.  with  a  small  centrum,  and  short 
blunt,  numerous,  rays. 

AstreUa  vaamaeriy  sp.  n. — Sponge,  beehive-shaped,  osoules  not 
distinguishable  from  the  pores.  Spicules — (1)  aoerate,  3*14  by 
0*06  mm. ;  (2)  fork,  shaft,  3*02  by  0*08  mm. ;  arms  bifuroate ; 
primary  rays,  0*088,  secondary,  0*24  mm.  long;  (3)  anchor,  shaft, 
3*61  by  0028  mm ;  arms,  0*04  mm.  long ;  (4)  pyonaster,  a  com- 
paratively large  centrum  and  short,  thick,  truncated  rays,  0*012  to 
0*016  mm.  in  diameter. 

Genus  6.  Bragmastra.— Like  Stelletta,  but  with  a  layer  of 
trichite  sheaves  in  the  cortex.  Type,  Dragmaster  (Stdletta) 
normani  (SoUas),  Norway. 

Genus  7.  Stryphnus,  g.  n. — Stellettidae  distinguished  by  the 
absence  of  a  radiate  arrangement  of  the  spicules  of  the  choanosome, 
only  those  which  immediately  approach  the  surface  of  the  sponge 
being  arranged  at  right  angles  to  it ;  by  the  comparatively  small 
size  and  rarity  of  the  fork  spicules  as  compared  with  the  acerates, 
and  diiefly  by  the  presence  of  a  curious  irregular  flesh-spicule-— 
the  amphiastrella.  The  cortex  is  a  vesicular  collenchyme  contain- 
ing pigment  cells. 

Btr^hnw  niger,  sp.  n. — Sponge,  compound,  massive,  oscules 
large,  collected  in  groups.    Spicules — (1)  acerate,  2*4  by  0*61mm. ; 

(2)  fork,  shaft,  0*446  by  0*0356  mm. ;  arms  bifurcate;  primary 
rays,  0*055,  secondary,  0*079  mm.  long ;  (3)  anchors ;  (4)  stellate,  a 
small  centrum  and  numerous  slender  conical-shaped  pointed  rays, 
0*014  mm.  long ;  amphiastrella,  various^  typically  a  short  cyliu« 
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drioal  shaft  with  a  whirl  of  spines  at  each  end ;  the  spines  may 
be  sharp,  but  are  more  usuallj  stunted  and  rounded  off,  or  the 
spines  may  be  given  off  quite  irregularly  from  all  parts  of  the 
shaft ;  0*016  by  0*012.    Colour,  deep  puoe  black. 
jBTaWto^.— Port  Jaokson.    30-36  fms. 

Sttyhnus  unguicula,  sp.  n. — Sponge  similar  to  S.  niger.  Dis- 
tinguished by  the  forks,  the  arms  of  which  are  bifurcate,  with  the 
primary  rays  extending,  only  slightly  forward,  and  the  secondary 
rays  diverted  backward ;  each  pair  of  the  latter,  also,  after  diverg- 
ing from  each  other  in  the  usual  way,  are  approximated  so  as  to 
run  parallel  to  each  other  for  the  last  half  of  their  course ;  shaft, 
0-608  by  0032  mm. ;  primary  rays,  0*0276,  secondary  rays, 
0*04  mm.  long. 

Habitat. — Port  Elizabeth,  8.  Africa  (not  in  Challenger  Collec- 
tion). 

Genus  8.  TribracMmn,  Weltner. — Sponge,  a  spherical  body, 
produced  into  an  excurrent  tube,  but  not  into  a  special  incurrent 
tube.  Spicules— forks,  with  only  two  arms  in  the  excurrent  tube, 
with  three  arms  in  the  cortex  of  the  body ;  acerates,  anchors,  rarely 
stellates,  and  numerous  sanidastra. 

Genus  9.  Tethyopsis,  Stewart.— Sponge,  a  special  poral  tube 
at  one  pole  of  the  spherical  body  and  a  special  oscular  tube  at  the 
other ;  canal  system  arranged  on  a  radiate  plan,  primitively  four 
excurrent  canals,  alternating  with  four  incurrent  canals.  Spicules — 
reduced  forks  in  the  excurrent  tube ;  forks  with  three  arms,  or  only 
two  or  one  in  the  cortex  of  the  body,  acerates,  but  no  anchors ; 
in  the  poral  tube  acerates,  no  forks  or  anchors ;  fiesh-spicules  are 
stellates,  sanidastra,  and  trichite  sheaves. 

Genus  10.  Psammastra,  g.  n.— Sponge,  with  a  thick  fibrous 
cortex  incorporating  grains  of  sand  ;  oscules,  two  or  more ;  surface 
raised  into  conuli ;  spicules — a  stellate  with  short  rays  and  large 
03ntrum,  and  another  form  with  smaller  centrum  and  larger  rays, 
also,  and  most  numerous  spined  bacilli  ;  forks  of  very  peculiar 
character,  rays  very  short,  appearing  merely  as  spines  of  an 
acerate  spicule  with  a  rouuded  distal  end. 
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Psammastra  murrayiy  sp.  n. — Sponge  spherical,  with  two  or 
three  oscules ;  surf aoe  raised  generally  into  oonuU,  and  produced 
here  and  there  into  strong  fibrous  bands  for  attachment;  cortex 
thick,  containing  imbedded  grains  of  sand.  Spicules — (1)  acerate, 
4-66,  and  over,'^by  0-065  mm. ;  (2)  fork,  3-9  by  0-071  mm. ;  arms 
simple,  regularly  curved  outward  and  forward,  0*097  to  0-116  mm. 
long ;  spread,  0*161  to  0*175  mm. ;  (3)  modified  fork ;  a  conical 
spicule,  with  rounded  distal  base,  and  three  short  spines  giyen  off 
near  the  distal  end  ;  the  axial  ray  of  the  spines  descends  outwards 
and  downwards  through  the  spicular  shaft,  but  bends  into  hori- 
zontal position  as  it  enters  the  rays  or  spines,  which  may  be  simple 
or  bifurcate,  the  bifurcation  taking  place  in  a  horizontal  or  yeitical 
plane ;  (4)  stellates,  a  variety  with  large  centrum  and  short  rays, 
0*012  to  0.016  mm.  in  diameter,  passing  into  a  second  variety 
with  small  centrum  and  longer  rays,  0*016  to  0*024  mm.  in  dia- 
meter; (5)  bacillus,  a  cylindrical  rod  with  rounded  ends,  micro- 
spined  irregularly  over  the  whole  surface ;  sometimes  constricted 
in  the  middle,  0*018  to  0*016  by  0*004  mm.  Colour,  russet  brown 
on  upper  surface  where  exposed  to  the  light ;  pale  grey  below. 

jHoiiYa^.— Station  162,  kt.  39^  10'  30"  S.;  long.  146^  37'  B. 
38  fms. 

Family.    OEODnriSiE. 

Genus  1.    Erylus,  Gray.  Genus  4.    Synops,  Yosmaer. 

„      2.    Caminus,  Schmidt.  „      5.    Isops,  Sollas. 

„      3.    Cydonium,  Miiller.  „      6.    Oeodia,  Lamk. 

Of  the  genus  Geodia  no  examples  occur  in  the  Challenger 
Collection. 

Synops  is  an  exceedingly  natural  genus,  characterized,  not  only 
by  the  restriction  of  the  oscules  to  one  surface,  but  also  by  the 
general  characters  of  its  spicules ;  anchors  rarely  occur,  and  the 
arms  of  the  forks  are  usually  simple. 

Description  of  Species. 

Erylus  formoms,  sp.  n.— Sponge  massive,  growing  into  ridges 
and  lobes,  attached  ;  oscules  round,  few  ;  pores  large,  each  the 
simple  opening  of  an  inourrent  chone.  Spicules— (1)  acerate, 
0*9  by  0-024  mm. ;  (2)  fork,  shaft,  0*4  by  0*024  mm. ;  arms  simple ; 
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(3)  globate,  shaped  like  a  finger  biscuit,  or  shuttle-shaped,  or 
lozenge-like,  surface  granulated,  0-14  by  0*032,  to  0*176  by 
0*026  mm.,  or  narrower  and  longer,  0*2  by  0*024,  or  shorter  and 
wider,  0*122  by  0-048  mm. ;  thickness,  from  0*008  to  0*01  mm. ; 

(4)  fuBite,  007  by  0*006  mm. ;  (5)  large  stellate,  with  few  rays, 
0*063  nmi.  in  diameter,  a  single  ray,  0*032  nmi.  long ;  (6)  small 
stellate,  a  small  centrum,  and  numerous  short  rays,  truncated,  or 
capitate  at  the  ends,  0*016  mm.  in  diameter. 

Habitat.— BainA.    7-20  fms. 

Caminus  sphcBroconia^  sp.  n. — Sponge  massive,  with  massiye 
vertical  lobes,  attached ;  oscules  on  summits  of  lobes,  large,  leading 
into  large  cloacas ;  pores  in  sieves,  roofing  incurrent  chones. 
Spicules— (1)  acerate,  0*5  by  0*016  mm. ;  (2)  fork,  shaft,  0*32  by 
0*016  nmi. ;  arms  simple,  0*2  nmi.  long;  (3)  globate,  0*0553  mm. 
in  diameter ;  (4)  globule,  a  minute,  smooth  sphere,  0*004  mm.  in 
diameter ;  this  serves  both  as  ectaster  and  endaster ;  colour,  purplish 
when  exposed  to  the  light ;  yellowish  below. 

Habitat. — Bahia,  shallow  water. 

This  sponge  is  very  similar  to  Caminus  vukani^  0.  S.,  which 
also  contains  true  forks  and  globules ;  it  differs  by  the  absence  of 
stellates,  which  are  present  in  C.  vulcanic  and  by  the  less  length  of 
its  acerate  spicules  (0*08  by  0016  mm.  in  C.  fmlcani)^  and  by  the 
smaller  size  of  the  globule  (0.1  mm.  in  diameter  in  C.  vukani). 
The  cortex  is  about  0*8  mm.  thick,  and  consists  of  an  eoto-ooitex 
formed  of  vesicular  tissue,  005  to  0*24  nmi.  thick,  of  a  globate 
layer,  0*65  mm.  thick,  and  an  inner  fibrous  layer,  0*05  to  0*08  mm. 
thick. 

Cydonium  glariosuSf  sp.  n. — Sponge,  more  or  less  spherical, 
attached ;  the  collenchymatous  ecto-cortez  is  crowded  with  coarse 
grains  of  sand,  and  traversed  by  pencils  of  short  acerates,  which  are 
entirely  confined  to  it.  Spicules — (1)  acerate,  1*86  by  0*026  mm. ; 
(2)  small  acerates  of  the  cortex,  0*35  to  0*4,  by  0*016  mm. ;  (3)  fork, 
shaft,  2*86  by  0*052  mm. ;  arms  simple ;  (4)  second  form  of  fork, 
shaft,  5*36  by  0*03  mm. ;  arms  simple,  0*08  to  0*11  mm.  long ; 

(5)  anchor,  shaft,  4*65  by  0*012  mm. ;  rays,  0*08  mm.  long ; 

(6)  globate,  spherical,  005  to  0*058  nmi.  in  diameter;  (7)  ectaster, 
small  centrum,  short  rod-like  rays,  0*01  mm.  diameter ;  (8)  en- 


Digitized  by  LjOOQ IC 


SoLLAS — On  Tetraetinellid  Sponges.  197 

daster,  oentrum'small,  rays  oonioal  pointed,  or  rod-like  trunoatedi 
0*016  to  0-0193  mm.  in  diameter.    Colour,  purplish  white. 
JETaii^^.— Bahia.    7  to  20  fins. 

Cydonium  magellanij  sp.  n.— Sponge  large,  attached ;  surface 
hispid.  Spicules— (1)  aoerate,  3-93  hy  0-052  mm.,  to  2-71  by 
0-058  mm. ;  (2)  fork,  shaft,  3-93  by  0-064,  to  4-82  by  0*09  mm. ; 
arms  bifurcate;  primary  rays,  0-13,  secondary,  0-275  mm.  long; 
(3)  anchor,  shaft,  7*4  by  0-02  mm. ;  rays,  O'lS  mm.  long ;  (4)  glo- 
bate,  spherical,  depressed,  0*123  by  0*103  mm. ;  (5)  ectaster ;  a 
fairly  large  centrum,  nun^erous  rod-like  rays,  0*0118  nmL  in 
diameter ;  (6)  endaster,  a  globo-stellate,  0*217  nmi.  in  diameter. 

iTaitfa^.— Stations  308  and  311.     176  and  245  fms. 

Cydonium  kirsutusj  sp.  n. — Sponge  irregular  lobate;  surface 
hispid,  spicules  projecting  8  or  9  mm.  beyond  it,  cortex  thick. 
Spicules — (1)  acerate,  4*6  by  0*06  mm.  to  over  9*0  by  0*032  mm. ; 

(2)  fork,  shaft  over  4*46  mm.  long  by  0*084  to  0*05  wide ;  arms 
bifurcate,    primary  arms,    0*13 ;    secondary,   0*35    mm.    long ; 

(3)  second  form  of  fork,  shaft  long,  diameter,  0*2  mm.,  arms 
simple  013  mm.  long;  (4)  anchor,  shaft,  long,  0*018  mm.  in 
diameter ;  rays,  0*036  mm.  long ;  (5)  globate,  a  flattened  prolate 
ellipsoid:  0*306  by  0*245  by  0*161  mm.;  (6)  ectaster,  a  small 
centrum,  and  blunt  conical  rays,  0  012  mm.  in  diameter  ;  (7)  en- 
daster, a  small  centrum,  and  a  few  slender  conical  rays,  0*02  nmi. 
in  diameter :  a  small  globo-stellate  is  present,  but  does  not  belong 
to  the  sponge. 

-HflWto^. -Station  192 ;  lat.  5°  49' 15"  S. ;  long.  132°  14'  15"  W. ; 
140  fms. 

Synops  voamaerif  sp.  n. — Sponge  cylindrical,  a  cup-shaped 
depression  at  the  summit,  erect,  attached,  oscules  confined  to  the 
summit;  pores  in  sieves  on  the  sides,  roofing  incurrent  chones. 
The  ecto-cortex  contains  ectasters  scattered  throughout  it;  the 
globate  layer  is  thin,  and  the  fibrous  layer  remarkably  thick. 
Spicules— (1)  acerate,  from  1*3  by  0*016  to  1*7  by  0*008  mm. ; 
(2)  acerate  of  the  cortex,  0*3  by  0*004  mm. ;  (3)  fork,  shaft,  1*J 
by  0*039  mm. ;  arms,  simple,  0*29  mm.  long ;  (4)  globate,  small, 
spherical,  004  mm.  in  diameter ;  (5)  ectaster,  a  small  centrum, 
short  spines,  with  roimded  ends,  0*004  mm.  in  diameter;  (6)  en« 
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daster,  long  hair-like  rays,  not  numerous,  0*026  mm.  in  dia- 
meter. 

jBbit^a^.— Station  122 ;  off  Barre  Grande.    350  fms. 

Synops  nitiduSf  sp.  n. — Sponge  plate-like,  horizontal,  oscules 
numerous,  small,  restricted  to  the  upper  surface  over  which  they  are 
dispersed ;  pores  in  sieves  on  the  opposite  surface ;  cortex — beneath 
the  epithelium  is  a  layer  of  small  globo-stellates,  this  is  succeeeded 
immediately  by  the  globate  layer,  which  constitutes  almost  the 
whole  of  the  cortex.    Spicules— (I)  aoerate  1-26  by  0*026  mm.; 

(2)  fork,  sliaft,  1*07  by  0039  mm.,  arms  simple,  0*183  mm.  long ; 

(3)  eotaster,  a  globo-stellate,  00135  nmi.  in  diameter ;  (4)  endaster, 
a  small  centrum,  and  long  conical  microspined  rays,  usually  few 
in  number,  0  044  in  diameter. 

Habitat — Port  Jackson,  Sydney.  The  smooth,  shining,  upper 
surface  is  very  characteristic,  and  no  other  species  of  Synops  presents 
the  same  horizontally  spreading  form. 

Synops  neptunif  sp.  n. — This  is  the  largest'tetractinellid  sponge 
known.  It  has  the  form  of  a  somewhat  conical  cup  with  a  large 
central  cavity,  rising  from  a  base  of  12  cm.  diameter  to  a  height 
of  40  cm. ;  whei*e  broadest  its  diameters  are  22  cm.  and  31  cm. 
Its  wall  is  intricately  folded.  The  oscules  are  confined  to  the 
inner  surface  of  this  cup. 

Habitat.StsAion  122  ;  off  Brazil.    32  fms. 

Isops pachydermata^  sp.  n.— Sponge,  irregular,  massive;  surface 
smooth ;  oscules  and  pores  singly  perforating  small  rounded  bosses ; 
cortex  thick,  constituted  almost  entirely  of  the  globate  layer; 
beneath  the  epithelium  a  layer  of  globo-stellates.  Spicules — 
(1)  acerate,  1*96  by  0*052  mm. ;  (2)  fork,  shaft,  1*07  by  0*039  mm. ; 
arms  siipple,  0*27  mm.  long  ;  (3)  globate,  b,  compressed  ellipsoid, 
0-24  by  0'19  mm.  in  diameter;  (4)  ectaster,  a  globo-stellate,  0*016 
in  diameter ;  (5)  endaster,  centrum  small,  spines  conical,  sharply- 
pointed,  tew ;  single  ray  of  a  triad  form,  0  064  mm.  long ;  (6)  a 
fitellate  intermediate  between  (4)  and  (5). 

BabUfit  —Station  66 ;  lat.  32°  8'  46"  N. ;  long.  64°  59'  35"  W. 
1075  fms 
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Definition  of  Terms. 

Eciosome. — The  outer  layer  of  the  sponge,  not  containing 
flagellated  chambers. 

Choanosome. — The  "mark"  or  " parenohyina,"  distinguished 
bj  the  presence  of  flagellated  chambers. 

Eurypyhm, — When  the  flagellated  chambers  communicate  by 
wide  mouths  directly  with  the  excurrent  canals. 

Apkodal. — When  they  do  so  by  narrow  cemaliculi. 

Collenchyme. — Gelatinous  connective  tissue. 

Sarcenchyme. — A  coUenchyme  in  which  the  collenchytes  or  branch- 
ing stellate  cells  are  replaced  by  granular  polygonal  contiguous 
cells. 

Tiiana. — Tetrad  spicules  with  a  differentiated  shaft — forks,  and 
anchors. 
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XXV.— IBISH  METAL  MINING.     By  G.  H.  KINAHAN, 
M.B.LA.,  Eto. 

[Bead,  Marcb  24,  1886.] 

The  lists  of  mines  published  by  QriflGlth  in  the  Dublin  Quarterly 
Journal  of  Science  (1861)  were  corrected  and  revised  in  chap.  xxi. 
section  v.  pp.  361,  &o.,  of  the  Geology  of  Ireland  {1878) ;  but  these 
now  require  revision.  It  is  therefore  proposed  to  again  revise  and, 
at  the  same  time,  to  re-arrange  them,  first  giving  separate  lists  for 
each  mineral  arranged  in  counties,  or  in  ^* fields"  where  the  ores  are 
bedded,  with,  subsequently,  short  County  Histories  of  the  mines, 
thus  dividing  the  subject  into  two  parts. 

In  both  parts  the  Counties,  as  far  as  possible,  will  be  arranged 
alphabetically.  In  Part  I.  the  lists  include  all  the  places  where 
the  different  minerals  are  recorded  as  found  in  appreciable  quanti- 
ties ;  and  in  Fart  II.,  when  possible,  the  present  state  of  the  lodes 
will  be  stated ;  but  in  both  Parts,  in^the  majority  of  cases,  the  infor- 
mation given  as  to  the  work  done,  on  account  of  the  unsatisfactory 
way  in  which  the  old  mining  records  and  statistics  were  kept,  will 
be  on  hearsay  evidence.  The  statements,  therefore,  cannot  be 
taken  as  perfectly  satisfactory,  as  a  large  portion  may  require  to 
be  substantiated. 

The  history  of  the  early  Irish  mining  adventures  is  very  scant, 
the  records  being  vague.  The  ancient  mines  are  referred  to  by 
Qriffith,  Kane,  and  other  modem  explorers ;  but  necessarily  the 
remarks  had  to  be  more  or  less  vague,  and  do  not  give  much  infor- 
mation. Griffith,  however,  states : — "  Many  of  our  mining  exca- 
vations exhibit  appearances  similar  to  the  surface  workings  of  the 
most  ancient  mines  in  Cornwall,  which  are  generally  attributed  to 
the  PhoBnicians." 
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The  late  B.  Bolt  Brash  published  an  interesting  Paper  on 
*^  The  Predons  Metals  and  Anoient  Mining  in  Ireland  ^'  (Journal 
Boy.  His.  Arch.  Asa.  Ireland,  vol.  i.,  fourth  series,  p*  509) ;  but  it 
more  particularly  refers  to  the  **  finds"  of  gold  and  silver  articles ; 
these  metals  haying  been  worked  and  mined  at  an  early  date. 
Bronze  implements  are  also  very  andenty  and  possibly  iron ;  but  the 
latter  metal  corrodes  away  so  fast  that  all  anoient  implements  must 
have  disappeared  long  since ;  though  traces  of  them  may  sometimes 
be  found.  It  may  be  mentioned]  that  deep  down  among  the  records 
of  the  earliest  inhabitants  of  the  large  crannog  in  Lough  Bea,  Co. 
Qalway,  I  found  a  rod  of  rust  that  evidently  was  the  remains  of 
an  iron  implement ;  it  n)ust  have  been  2Q00,  or  3000,  or  more, 
years  old. 

Of  Ancient  Metal  Mining,  or  its  Adjuncts. — ^A  very  early  record 
occurs  in  the  Annals  of  the  Four  Masters,  a.  m.,  3656,  where  gold  is 
mentioned  as  procured  in  Foithue  Airthir  Liffe,  or  in  the  moun- 
tains of  Dublin  and  Wicklow ;  while  at  I/yra,  Knockmilkr,  about 
two  miles  southward  of  Woodenbridge,  Co.  Wicklow,  the  anoient 
timberings  in  a  placer  mine  were  found.  We  also  learn  from  the 
Annals  that  in  a.m.  3817  silver  shields  were  made  at  Argetros 
(Silverwood)  on  the  Nore,  Co.  Kilkenny.  In  this  neighbourhood 
are  the  remains  of  ancient  mines  at  Ballygallion  and  Knockadrina — 
places  at  which  in  recent  years  native  silver  has  been  found.  It 
appears  probable  that,  in  those  early  times,  some  at  least  of  the 
silver  was  procured  at  those  mines ;  there  are,  however,  other 
prehistoric  mines  that  probably  were  also  sources  from  which  silver 
was  procured.  There  is  also  mentioned  in  the  Annals  ;  silver, 
got  at  Eosargid  (which  also  means  Silverwood),  near  Toomavara, 
Co.  Tipperary.  That  name  has  not  descended  to  us;  but  at 
Gbrrane,  adjoining  Eilnafinch,  a  little  southward  of  Toomavara, 
is  the  debris  of  an  ancient  mine,  locally  called  the  "Silver  Mine.*' 
Further  westward,  south  of  Nenagh,  are  the  village  and  mines  of 
Silvermines.  Some  of  the  mines  at  this  village  were  worked  so 
long  ago,  that  when  opened,  about  the  year  1860,  the  attals  {pgrite 
and  sphalerite)  in  the  stulls  and  old  levels  were  found  to  have 
undergone  a  complete  chemical  change— into  peroxide  of  iron,  with 
carbonate  and  silicates  of  zinc.  In  recent  years  some  of  the  lead 
from  this  locality  has  given  as  much  as  eighty  oimces  of  silver 
to  the  ton,  in  addition  to  some  native  silver.    Still,  further  west- 
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ward,  at  Oarrykennedyj  on  Lough  Derg,  "old  men's  workings" 
were  broken  into  about  the  year  1855,  and  in  them  were  found  a 
man's  skeleton  and  the  remains  of  wooden  and  stone  tools.  To 
the  westward  of  the  Shannon,  at  Milliotmj  near  Tulla,  Go.  Glare,  a 
mine  was  worked  in  ancient  times.  Here  there  is  native  silver; 
the  oaken  shovels  and  large  iron  picks  found  suggesting  that 
the  workings  were  not  as  old  as  some  of  the  others.  At  Carhoon^ 
near  Tynagh,  Go.  Gtdway,  there  are  the  relics  of  an  ancient  mine 
of  which  the  traditions  are  extinct.  In  south-east  Ireland,  at  the 
Magpie  or  East  Cronebane  (Ovoca),  Go.  Wicklow,  there  are  "old 
men's  workings,"  on  the  "  gossan  lode,"  and  in  them  were  found 
stone  and  wooden  implements.    Here  native  silver  was  also  found. 

From  so  many  of  these  ancient  mines  being  on  silver-lead 
lodes,  it  may  be  suggested  that  the  "old  men"  understood  a 
process  for  separating  the  silver  from  the  lead. 

Nennius,  who  wrote  in  the  ninth  century,  mentions  the  mines 
of  Lough  Leane,  Killamey ;  while  about  the  year  1804,  when  Gol. 
Hall  was  working  the  lead  mine  at  Boss  Island,  he  found  primitive 
levels,  stone  implements,  and  other  records  of  ancient  work. 

At  Derrycarhoon,  near  Ballydehob,  Go.  Gork,  in  an  old  work- 
ing, there  were  wooden  and  stone  implements,  a  curved  tube  of 
oak,  and  a  primitive  ladder — the  latter  being  an  oak  pole,  with 
rude  steps  cut  in  its  sides.  This  working  must  have  been  very 
ancient,  as  when  found  all  traces  of  the  surface  entrance  were 
smothered  up  by  a  growth  of  peat,  over  fourteen  feet  deep ;  this 
ought  to  represent  a  period  of,  at  the  least,  3000  years  or  more. 

About  the  year  1850  wooden  tools,  shod  with  iron,  were  found 
in  ancient  galleries,  in  connexion  with  the  coal  seam  of  the  Bally- 
castle  coal-field.  Go.  Antrim ;  while  wooden  scoops  were  found  in 
an  old  working  for  bog-iron  in  the  Queen's  Gounty,  some  of  them 
being  now  in  the  Royal  Irish  Academy  Museum. 

During  the  rush  after  Irish  mines,  about  twenty-five  or  thirty 
years  ago,  their  characters  were  considerably  prejudiced,  and  the 
working  of  them  retarded,  by  a  class  of  "  Promoters,"  who  mis- 
represented them ;  also  by  incautious  Analysts,  who  represented  the 
ores  more  favourably  than  they  were  entitled  to.  Such  proceed- 
ings are  most  damaging  to  a  mine;  for  although  it  may  be  good  of 
its  kind,  and  be  capable  of  paying  well,  if  judiciously  worked, 
when  it  cannot  give  the  "  riches  "  promised,  it  gets  into  disrepute; 
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or,  if  it  is  injudioioufily  over-worked,  to  try  and  keep  up  its  fio- 
titions  character,  it  will  be  robbed  and  its  future  prospects  ruined. 

In  the  history  of  the  mining  during  those  years,  it  is  now  well 
known,  that  more  than  one  Promoter  exhibited  specimens  as  repre- 
senting the  ordinary  minerals  of  a  lode,  while  in  reality  his 
sample  exhausted  all  the  mineral  of  that  class  to  be  found  in  the 
veins.  Also,  some  Analysts,  after  examining  a  specimen,  allowed 
their  analyses  to  be  published  as  if  they  were  the  representative 
analyses,  although  they  were  ignorant  whether  the  portion  submit- 
ted to  them  was  a  true  specimen,  representing  the  average  ore  of  the 
lode,  or  a  picked  one  that  only  represented  its  riches.  An  honest, 
true  representation  of  the  value  of  the  minerab  of  a  lode  is  most 
important,  and  the  neglect  of  such,  or  the  intentional  misrepre- 
sentation of  the  value  of  the  lode,  has  led  to  most  disastrous 
results,  not  only  in  Ireland,  but  all  over  the  world.  Careless 
analysts  and  intentional  misrepresentations  cannot,  therefore,  be 
too  highly  censured. 

In  drawing  out  the  lists  of  Irish  mines  and  minerals  the  pro- 
ducts have  been  arranged  in  the  following  order: — Gold,  tin, 
native  silver,  lead  and  zinc,  copper,  sulphur  ores  and  gossen, 
barytes,  iron,  manganese,  antimony,  arsenic,  cobalt,  graphite, 
nickel,  titanium,  molybdenite,  alum  and  copperas,  apatite,  salt 
and  gypsum,  steatite  and  pyrophyllite :  the  products  being  ar- 
ranged as  much  as  possible  in  regard  to  the  natural  grouping  of 
the  ores  in  the  veins. 

Some  of  the  minerals  in  the  above  list  have  been  very  spar- 
ingly looked  after,  and  their  occurrence  may  be  much  more  fre- 
quent than  is  hereafter  mentioned,  as  the  lists  are  compiled  from 
the  localities  observed  and  recorded  by  the  different  explorers. 
This  may  be  specially  the  case  in  reference  to  some  minerals  that, 
although  observed,  have  not  been  recorded.  Boate,  in  his  notice 
of  the  silver  mines,  Co.  Tipperary,  records  quicksilver  as  found 
prior  to  1640.    In  modem  times  no  trace  of  this  ore  is  recorded. 

Some  of  the  Irish  rocks  are  said  to  be  Fre-Cambrian,  but  the 
only  pretension  for  classing  them  as  L&urentians  is  their  Utho- 
logical  characters.  Some  of  these  so-called  Fre-Cambrian,  both 
Fetrologically  and  FalsBontologically,  are  evidently,  in  one  case 
Ordovician  and  in  another  Cambrian ;  while  elsewhere  they  appa- 
rently belong  to  one  or  other  of  tbese  periods. 
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In  the  loBts  the  Names  used  for  the  Qeologioal  Groups  axe 
those  given  in  the  following  Table : — 


TABLE  OP  GEOLOGICAX  STRATA. 


BiMABKS. 


Oambiian, 

or 
Primordial. 


Paasaffe  bods. 

Coal  Measures  and  limestones,  fto. 

Paaaagtt  beds  (YeUow  and  Old 

Red  Sandstone). 
Upper  Silurian. 

Paaaago  beds. 

Cambzo-  or  Lower  Silurian. 

Paaaago  beds. 

Primordial  appears  to  be  preferred 
dn  the  Continent  and  in  America. 


The  Parage  beds,  Arenig  and  Devonian,  are*!  oomplete  in  the 
Irish  strata  ;  the  others,  Majhill  Sandstone  and  Permian,  are  only 
in  part  represented.  (See  "  Irish  Lower  Palssozoio  Books/'  Scien. 
Proc.  R.  D.  fif.,  vol.  III.,  p.  34,  Maj,  1885.) 
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Pill  L— LIST  OF  THE  IBISH  MI17ES  JlSD  MINEBALS. 

[Tbelonfitief  whera  there  were  minM  or  trial*  an  printed  The  neaieat  town 

adtfae  namee  of  the  Eook-fomuition  azegiYen  in  theoofaimn  of  Bemarka.] 


GOLD. 


Comma. 


1|l 


LocAunia. 


Antriia. 


Citiow. 


CqiL 


Doaflgd. 
Dsbfin. 


147 
146 


lOT 


SlieTe-an-Ona. 


8i.  Muam^i. 


Carrigaeat  or  Lhwrode, 
Kiieroham      (Sheep 
Head). 


Knaderloogh. 

BaUinaaeomey      and 
Bathfamham. 

Moyola  BiYer. 


TnUow. 


Dmrrnfh-waUr  or  A^gh* 


Ballymaniia. 


Glendim — DUnmum. — Said  to  haTe  been 
found  about  thirty  yean  ago  in  Glen- 
dun  bum. 

St.  Mullin'a— Dt/wrMMi.— Tbe  exaet 
place  where  the  gold  waa  found  ia 
unknown,  but  it  is  Buppoeed  to  baTO 
been  in  the  etreams  of  Slierebaun 
(White  Mountaini). 

Crookhaven — TeUow  Sattdstont,  or  Jk' 
vonian, — In  the  goaaan  of  the  copper 
loads.  Near  Ballydehob,  in  this  pro- 
moniory,  is  the  copper  mine  of 
Skeaghsnore  (whitethorn  iush  of  tho 
gold).  No  gdd,  howerer,  haa  been 
xeooraed  from  thia  mine. 

Ballyshannon—  Ctmkrum  (P).  —  Bee 
County  Histories. 

Dublin— Di/nvtiMi.— In  the  grayel  of 
the  BiTer  Dodder. 

Drapentown — Diluvium, — ^Thia  ia  a  lo- 
cality mentioned  by  Gerrsrd  Boate, 
A.D.  1652;  but  no  gold  has  been 
found  in  recent  years.  The  nature 
ol  the  rocks  and  minends  in  the 
county  where  this  riyer  rises  would 
suggest  the  j^ossibility  of  then  being 
stream-gold  in  the  valley. 

Woodenbridge— Dt/MVMMi. — ^In  the  gra- 
yel  of  this  yalley  and  the  tributary 
Yalleys;  namely,  Goldmine  Talley  and 
its  tributaries,  Kilaclorsn  stream, 
Coolhallintaggart  stream,  yalley  of 
the  Ow  and  ita  tributaries,  ana  the 
Eilmacreddan  bum. 

Aughrim — Mttamarphio  OrdovieioH, — 
Particles  of  gold  in  a  quarts  yein, 
diaooyered  by  Omrard  A.  Kinahan. 
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GOUNTIBS. 


L0OALITIB8. 


Ebmabkb. 


Wioklow. 


85 


86 
85 
85 
85 
85 
40 
40 
89 


Costlemacadam. 


BdUymurtagh. 

Cronebane, 

Connary. 

Eilmaeoo. 

Ballyeoog, 

BaliituuiUoge, 

Moneytiegne. 


Greystones. 


Bray  Head. 


Wicklow  and 
Kildare. 


Liffey   and 

Valleys. 


Slanev 


Ovoca — Diluvium, — In  the  gravel  erf 
the  Ovoca  river ;  south  of  the  Bail- 
way  Station. 


Ovoca — Ordovieian. — In  the  gossan  and 
gossan  lodes  of  the  mines  on  the 
Ovoca  mineral  channel  gold  has  heen 
detected;  also  in  places  in  the  regular 
ores  of  the  lodes.  The  gossan  lode 
of  East  Cronebane  (Magpie  Mine) 
seems  to  have  been  richest.  In 
places*  the  Kilmacooite,  or  ''Blue- 
stone,"  of  the  Magpie  and  Kilmaooo 
are  also  auriferous. 


Greystones  —  Olaeial  drift,  —  In  the 
washings  of  the  sea-cliffs  to  the 
northward  of  the  village ;  associated 
with  black  magnetic  sand. 


Bray — Cambrian. — Particles  in  a  small 
quartz  vein,   diBCOvered  by  Franeie 


Diluvium, — According  to  the  Annals, 
•gold  *  *  placers'  'were  worked  in  the  val- 
ley of  the  Liffey,  and  nrobably  also  in 
the  valleys  of  the  head  waters  of  the 
Slaney.  The  river  systems  of  the 
Slaney  and  Liffey  have  changed  from 
what  they  were  originally  ;  as  at  one 
time  the  Liffey  occupied  the  valley 
from  Ballymore-Eustace  to  Baltin- 
glass,  and  joined  there  into  the  Slaney 
valley.  This  change  cannot  have  bean 
at  a  very  distant  period.  The  Slaney 
also  at  one  time  seems  not  to  have 
gone  through  the  Granyte  range ;  but 
at  Tulla  to  have  gone  south-west* 
ward.  This,  however,  was  a  much 
earlier  change,  as  the  river  was* 
banked  into  its  present  course  by  the 
''Esker  sea  gravel."  The  ancient 
workings  are  supposed  to  have  been 
somewhere  near  Ballymore-Eustaoe. 
Places  that*  gold  might  be  looked 
for  are:  in  Glenimale  and  the  other 
head  valleys  of  the  Slaney;  and  in 
the  ancient  river  course  of  the  Liffey 
between  Ballymore-Eustace  and 
Baltimore. 
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TIN. 


CouimBs. 

i|l 

Localities. 

Bemabxb. 

Dublin.. 
Keiry. 

Wicklow. 

1 

28 
40 

Dalkey. 
Lough  Leane  (P) 

Goldmine  JRiver. 

Kiiig8town-~6^raf}y«».— With  lead  and 
zinc.     The   mine   worked   for   the 
lead.    The   only   place   in  Ireland 
where  tin  is  at  present  known  to  have 
occurred  as  an  ore  in  a  lode.    It  is 
reported  to  have  been  found  at  Kil- 
crohane  (Sheep  Head),  Co.  Cork,  but 
the  find  has  not  been  authenticated. 

Killamey— Dwwikifa .»  —  Although  tin 
has  not  been  found  here  in  recent 
years,    Kennius,     writing    in    the 
ninth  century,   Historxa  Britonum, 
mentions  tin,  lead,  iron,  and  copper, 
as  occurring  in  this  vicinity.    Ail  of 
these  except  the  tin  have  since  been 
found  and  profitably  worked.    Smith, 
in  his  Natural   HUtwry  of  Kerry^ 
states  he  found  an  ore  containing  tin 
near  the  lake,  but  does  not  give  par- 
ticulars. 

Woodenbridge  —  Diluvium,  —  With 
stream-gold  and  magnetic  sand.     In 
this  locahty  there  is  possibly  a  lode 
containing  the  tin,  but  it  has  still  to 
be  disooveied.    f^^  <'  On  the  Pos- 
sibility of  Gold  oeing  found  in  the 
Co.    Wicklow,"    8ei,    Froe,    RoyiU 
Lublin  Society,  February,  1888.] 

NATIYB  SILVEB. 

[In  the  following  lodes  and  localities,  native  silver  has  been  found,  but  only  in  small 
quantities.  Silver-lead  {argentiferout  gahnite)  occurs  in  numerous  other  plaees,  and 
in  a  few  places  silver-copper  {argmtiferou»  chalcopyrite)]  : — 


Counths. 

41 

Localities. 

Bexakks.                        t 

Clare. 

86 

MiUtown. 

'  Tulla—  Carbonifiroui.  —  Ancient   lead 
mine,  in  which  were  found  stone  and 
wood  implements. 
Note.    A  "silver  mine"  Ib  recorded 
in  James  I.'s  time  *' adjacent  to  the 
O'Loughlin  Castle,"  in  the  barony 
of  BuiTcn.    The  ore,  however,  was 
probably  silver-lead. 
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Couumt. 


* 


LooiLims. 


Bemakkb. 


Cork. 
Dublin. 

Oftlwaj. 


Kony. 

ft 

Kilkennj. 

Leitrim. 

Limetiok. 

Bligo. 

Tipp«nury. 


Wicklow. 


147 
96 

US 


107 

and 
117 


80 
80 
88 


11 
80 
88 


86 
86 


86 
86 
86 


BaUyconti* 

(kMirgUuam, 

(krhwm{f) 

BaUygtiUum, 

BaUysUm  or    Bally- 
cananna. 

AhbeyaUnm, 


SUverminea, 
Shaikh. 


Cron$ban0. 

Connary, 

Kilmacoo. 


Crookhaven  —  Dtioonum,  —  ABSodiied 
with  lead  and  copper  ores. 

GoldenbaU— G'rimy^.— Tl^tli  lead  ore. 
A  large  piece  was  accidentally  put 
into  tbe  smelting-pot  with  the  leid 
ore,  and  the  ailver  ran  into  the  Ittiek- 
work  of  the  fiunaoe  (Kmu). 

Gort— aw6ofit/#fiMif.— With  lead  on. 
Pieces  said  to  have  been  of  a  ftir 


Tynagh— Cbr&offt/^roiw.— A  Tery  an- 
cient mine,  possibly  one  of  the  nl* 
Ter  mines  mentioned  in  the  eady 


Tralee  —  Carbonifiroui.  —  Threads  sad 
particles  of  silver  in  the  lead  ore. 

Gastleisland—  Ogrbomftrout.-^Ttxttfk 
of  silver  in  the  lead  ore. 

^  Inistioge — Carboniffrous.^A,  very  as- 
cient  mine,  supposed  to  be  the  Arte- 
tros  {8Uv0rtc€od)  of  the  Aimalii 
when  silver  shields  were  made^  a.m. 
3817. 

Lurganboy  —  Oarbmiferoui.  —  In  mi- 
nute specks  and  smngs  in  the  ksd 
ore. 

Askeaton—CsrftMii/yrMif.— Thread  of 
silver  in  the  lead  ore. 

Ballysodare  —  Carboniferous, — Stziii|s 
and  particles  iu  lead  ore. 

'  Toomavara.  —  Carbonifirotu.  — Adjoin- 
ing the  mealing  of  Kilnafinch  there 
is  a  very  ancient  mine,  supposed  to 
be  the  Kosargid  {SUporwood)  of  the 


Nenagh — Carboni/erom, — ^Very  andsat 
mine.  In  these  mines  and  the  newer 
mines  to  the  westward  at  Shallee, 
native  silver  associated  with  lead,  and 
in  some  lodes  with  copper. 

Ovoca — Ordooicum, — Aasociated  with 
the  lead  ore  of  the  Gossan  lodes,  and 
with  the  Kihnaoooite.  See  Leaden 
List 
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XiEAO  Ann)  ZIHO. 

[Ixoffit  ia  a  few  locolitiefl  the  ores  of  zino  are  accompanied  by  those  of  lead.  In  mvnj 
plaees  are  found  more  or  less  grouped  together  the  sulphides  of  lead  (ffalenite)^  zinc 
\Umi$  or  Mphaierite),  and  iron  {pyritt  or  aulphur  ore),  and  more  seldom  the  sulphides ' 
of  copper  (ehaleopyrite),  arsenic  {araenopf^te  or  mi»piek$l)f  and  antimony  (ttibnite)^ . 
viththe  sulphate  of  baryta  {bariU).  The  lead  ore  is  often  argentiferous,  and  .in  a 
few  places  the  copper  ore.  In  some  places  are  found  the  carbonates  of  lead  (etrumt^), 
zinc  {caUmint),  and  copper  {malachite),  also  the  silicate  of  zinc  {SmitheomUe),'] 


ComniBa. 


LoOALITISfl. 


Annsgh. 


85 
i« 

'  81 

I 

I  19 
19 
19 

19 
19 
19 
15 


Gafaa. 


Ckre. 


1S(P) 


Carriehgallogly.  ] 

Drumnahoiwy.  j 

Doraay, 
TuUyard. 

Clay, 
^iDoohat,  or  Crosereayh, 
Drummeland,    or 

Derryfn>o$e* 
Carryhuyh, 
Darkley. 
Tullyhawood. 
Tanuaght. 

DrumbanayheTf      or 

Church  Glen. 
Ballintemple. 

Finiskin. 

^KUfMMyhoH, 


Ballymare. 


Cloghstrukagh* 

Bnunfaldra. 

Sheroock. 


10     OrtnacuUayh   (Bally- 
oonnell). 


Cappayh, 

Jtoti0eft» 

Ailtcee, 

Mogoahy, 

Glencrawne. 

SheehodonnelL 

Lough  Aleenaun. 

Ldsnauroum* 

Jholm  Caetle, 


BeUeek— On^ofiMtffi. — Lead. 

Croesmaglen^  OnfopwMWf .— Prinoipally 
lead. 

Eeady — OrdSmWafi.-— Principally  lead. 
At  Clay  there  is  also  manganese. '  At 
Carryhugh  Glen  there  are  two  silyer- 
lead  lodes,  called  the  lUd  and  BUte 
lodee;  the  first  being  in  a  feniferous 
stuff,  and  the  other  is  a  bluish  fluoaii. 

Middletown— OrifoviMMi.— Lead. 

Newxy— Or<fof^iafi.(P)— Lead. 

Newtownhamilton— OrdbvMtfM.— Lead. 

Cullyhamiar-Of  ifovt^tVm. — ^Lead. 

Ooragh  Wood  (Gerraid's  Pass)— OriMra- 
eian, — ^Lead. 

Poyntzpass— (7rf2mMaii.(P)^An  ancient 
mine ;  its  exact  site  being  now  un- 
deteiminad. — ( Qr^th,) 

CootehiU— Onforitfiafi.— Lead  and  vQ- 
Ter-lead. 

South-east  of  .  .  — Onfef^^iofi.— Lead. 

Belturbet— Cbr^oMj/^PToifff.— 8il7er*letd. 


BallyTaughan —  C«r3of»{/9wYW«.^-At 
Cappagh  there  are  ailrer-lead,  copper, 
and  manganese.  At  Sheahodonnell 
only  carbonate  of  zino,  which  ocimrs 
in  botryddal  masses.  AtLimauroum 
copper  is  associated  with  the  lead ; 
while  in  the  other  localities  lead  only 
is  recorded.— iSM  noU^  Native  eilver, 
Co.  Clare. 


PKOC.  ».D.«. — ^YOL.  T.  PT.  IV. 


V/ 
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COUMTIBS. 

J|J 

LOOALITIBS. 

Bbmabu. 

Clare. 

10  ft 
t7 

Oleodiee. 

f» 

M 

XfOwniaifcetKiii-Fei^ui —  CMrvcntfennt. 

»• 

«lft 

—At  the  flwt  the  ore  wm  aflTer-leid, 

51 

whfle  at  the  second  it  was  associated 

.H 

51 

Neimurket. 

with  sulphnr  ore. 

»• 

M 

BaUf/hiekf, 

ore  oocurred  at  these  places;  they 
are  now  worked  out.   They  cansiated 

>l 

84 

Ca9ti$toun. 

t» 

84 

Moyrtitk, 

»t 

84 

Monanoiy  Oft 

principallT  of  sUTer-lead.  AtMona- 
noe,  or  Ei  hreckan,  the  peculiar  mine- 

Kilbreokan. 

lal  called  Kilbreokanite  was  found,  in 

which  lead  and  antimony  were  mizel 
in  such  proportions  as  those  used  for 

printen'  type. 

>» 

96 

BaUfViffin, 

Tulla— (7«rteii»/iTotit.~8ilYer-lead  prin- 

H 

84 

cipally.     At  Ballyrergiin  there  was 

»» 

85 

MiUtown. 

also  oopper  and  sulphur  ore.     At 

»» 

85 

C^SFTAAffl* 

ailyer  ocouired;  while  at  Gaznlun 
tumblers  only  hare  been  found.  Ibe 
deposits  in  general  seem  to  be  worked 
out ;  but  near  Ballyrergiii  and  Mill- 
town  are  untried  calcspar  Teini. 

f> 

4 

Crumlin. 

Broadford— Orrfm<?«4m.— Suppoeed  to 

» 

8 

*Doolin, 

be  worked  out— silTer-lead  prind- 

*f 

BaU^kilip. 

PiOiy. 

9> 

51 

•9 

48 

sulphur  ore.  Tumblers  of  lead  were 
found  at  Gallows  Hill,  dose  to  the 
western  continuation  of  the  gnat 
fault  of  Silyezmines,  Co.  Tippersry. 
— £!m  UH^  Co.  Tipptrmry. 

>9 

t7 
89 

&'!^"'- 

91 

99 

Balljnaglengh. 

Coik. 

197 

Kilkinnikm. 

BearhaTen— Cbr^i/pyvM  SHuH    Lead 

" 

115 

Killaooneiiagh. 

In  the  latter  townlandtiBcee  of  lead 

Ac. 

and  oopper  in  different  plaees. 

»> 

118 

Oartaeloona. 

lead,  silTer^oopper  (^r^  copptr  •rt). 

>> 

117 

»» 

117 

JtoMka. 

f* 

117 

lAtsartmi^. 

»f 

140 

Ballpeummitk. 

» 

140 

KilkUUm, 

ftiofi.— Lead  and  copper.     At  Bally- 

•> 

140 

ZeheratanvaUeff. 

cummisk,  also  barytes.— ^Iw  Cb;/^ 
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Comrnis. 

At 

LOCILITIBS. 

Bexasu. 

Cork. 

li4 

CoothMH.  ' 

SkuU—  YsUow  Sandstone,  or  Devonian.-^ 
Lead,  copper,  and  iron. 

147 

147 

BoulytaUagh. 
Zt/mM(SpaiiiahGoTe). 

Cpookhayen— r#/^/w  Sandetone,  otI>m^ 
fi«aii.~-Lead  and  copper.    Silrer-lead 

»» 

m 

k 

184 
142 

fWiihiriMik 

LeKp—Carboniferout  Slate^Sibm'ldtA. 

99 

Babbit  liland. 

OttAtBmwsii^t-'TenowSandeUm.otl^ 
wmian. — ^Lead,  antimony,  and  copper. 

»» 

144 

2)im«m. 

Glonakilty-Oirftofit^rMtf  5^0^.— Lead, 
barytes,  and  copper.  Wocked  prin- 
cipally for  barytes. 

99 
99 

Ringabella, 

Nobaval— Osraofit/frdfM  £fat#.^SilTer^ 
lead  and  lead. 

99 

75  & 
76 

CarrigtohiU, 

Lead  and  zinc. 

Donegal. 

106 

Bundonui. 

and  copper  traces. 

99 
»» 
99 
99 
9f 
99 
99 

107 
107 
107 
108 
108 
107 
66 

Ahbey  Island. 

Abb^  Lands. 

Firmer. 

Bally  fnagroriy. 

Camckiiahonia. 

Ballyahannon— Car^tTwwM.— At  tbe 
first  three,  silyer-lead,  zinc,  and  cop- 
per; at  the  others  principally  lead. 
AtCarricknahomaaooiron;  worked 
in  1883. 

^Lead  and  iron. 

9t 

90 

Oarroumore,  or  Olen^ 
toyher. 

99 

17 

Fanad. 

Olinsk— ObmMsM.  (F)— Lead  and  cop- 
per traces. 

99 

96 

Dnimreen. 

Carrigart— Ciim3rum.(?)— Lead. 

9» 

99 
99 

16  ft 
96 
88 
15 

AitU. 

Keeldrum. 
Marfayh. 

—Lead,  copper,  and  sulphur  ore.  Ex- 
cept at  Ards,  tne  lodes  were  worked 
out  by  the  Mining  Co.  of  Ireland. 

99 
99 

99 

74 
66 

65 

Ac. 
74 

74 

e6ft 

67 

JJTWHHacrou. 
liniowH,  Lougbnam- 

breddan. 
Gwebarra  Eiyer. 

In  Scraig  Mountain  tnioea  ol  lead 
and  copper. 

99 

99 
99 

KHrean. 
MullantiboyU. 
Scraig  Mountain. 
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COUXTZBS. 

ill 

LOCAUTIXS. 

BlMABKB. 

Donegal. 

6ft 

lnuk$$l. 

Naran^(7r(iM^t«MM.(P)^Lead  and  oop- 
per. 

•  »f ' 

89 

.MalU^. 

and  manganese. 

99 

4A 

Chwrch  mi^Cdmhrian,{?)^Ldad. 

ft 
91 

08 
68 
45 

Knockykrin, 
Woodqunrter, 
Louj^  Gonium. 

Letterlranny— Or<foi;maii.— Lead  at  the 
mearing  of  Enockybrin  and  Wood- 
quarter.  Further  northward  tum- 
fiers  of  lead  in  Lough  Gannon. 

- 

KoTB.— The  ages  of  the  MeUmonhic 
Books  in  north  and  west  Donegal  are 

dorioians  and  Cambrians. 

Down, 

68 

per. 

f9 

46 
89 

Attltole. 
Gun's  Island. 

Island,  also,  oopper  and  baiytes. 

n 

48 

Fofanny. 

ft 

66 
69 
ftc. 
44 
46 
46 
46 

Leitrim. 

Lead  with,  in  places,  copper. 

If 
ir 
It 
If 

Ballydargan. 
KiUougK 
SmthmuUoH. 
£athdrum. 

Killough— Or<ft»rt«um.— Lead,  with 
barjtos  at  Bathmullen. 

II 

48 
48 

JTaUr^ik. 

lead. 

•1 

81 

CorponUym. 

If 

'   .  II    . 

81 
81 

TuOyrtUiff. 
Castleward. 

per;  also  nne  at  CasUewaid. 

»»  ■ 

91 

Dtomofo. 

Vicinity  of .. .  —Ordovman.-^LetA  and 
manganese. 

n  . 

6 

WMU^^B  (CODllg). 

Kewtownards-— OrYfoptrtan.— Lead.  A 
peculiar  lode.  A  highljr  metallifer- 
ous whinstone  dyke,  so  nch  with  lead 
that  it  could  be  profitably  worked  as 
an  ore. 

i 

1 

BaUyleidy. 
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GOUNTIBS. 


1 


LOCALITISS. 


Bbkarki. 


DaUiA. 


Fermanagli. 


14  & 
18 
17 
14 
19 
19 
82 
18 

18  & 
17 

18 
18 


Aflhtown. 

CattUknaek, 

Cloghran, 

CUmtarf, 

KUUstfr. 

Cramlxn. 

Dolphin* t  Bam* 

KeUyttown. 


QtXwKf. 


PhoBnix  Park. 
BaUywruB, 


Mathmie%a$L 
ShtmkhiU. 

Sowih. 


Mount  Mapas. 
^agh$rammutgh. 


117 

107 

k 

117 
117 

118 
108 
108 


Bablin— Car50iH/votM  Lim$&t<m§  (<Mp 
tUviium). — ^Lead  was  the  principd 
ore,  except  at  Dolphin'i  Bun,  where 
there  was  also  sine.  The  lodes  at 
the  places  printed  in  italics  are  sap- 
posed  to  be  worked  out. 


Golden  Ball— ^ThM^.^-fleie  an  sita- 
ated  the  lead-reducing  works  of  tiie 
Mining  Company  of  IrelAnd :  the  lead 
lodeissaidtobewoikedoat.  NatiTe 
silTer.fonnd  hen.—Sm  Ifaiipejrihmr. 

GoldenBall— 0fany<#.— Lead:  said  to 
be  worked*out. 


Vicinity  of   . 
worked  out. 


— CXmnMni.— Lead : 


"Orannagh. 
Corhoon, 


QnairyHilL 

BaUytiMiquif. 
Muggaunagh, 
Farkatkva. 


Kinfstown — G'rMiytf.— Worked  out. 
Zinc  and  tin  associated  with  lead 
ore.  In  no  other  place  in  Ireland,  in 
modem  times,  has  tin,  as  an  ore, 
been  found  in  a  rein. — Sh  IU^  Hit, 

Killiney  Hill— OrilMri^isM.— Copper  and 
lead:  worked  out. 

Belleek— Gir^i/tfrofif.— Lead  in  small 
quantities :  worked  about  1872. 


Tynach  —  Carhoni/nnmi,  —  Principally 
lead.  For  the  works  at  Carhoon,  sm 
Ifati90  9ik§r  iitt. 


Aidrahan — t^r^t/SpfSM.— The  paying 
portions  of  the  known  veins  are  work- 
ed out.  Lead  associated  with  copper 
at  Muggaunagh. 
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G0UKTIB8. 

^u 

Rbmasks. 

Galway. 
II 

II 
II 
II 
II 
II 
II 
If 
II 

89 
89 

89 
89 
54 
54 
54 
54 
54 
64 

Bamagorteen. 
Curraghduff  North, 
MiddU  and  South. 

Barrathva. 
RuBheeny. 
Canraw$r. 
Crtgg, 

Cloothgwmi, 
OUngowla  Eoit, 
W$it. 

ftc. — Where  the  lock  la  limestone  or 
gianyte  the  ore  ia  principally  lead ; 
but  elsewhere  lead,  copper,  nno,  ba- 
rytee,  and  sulphur  ore  occur  more 
or  less  together.  At  Olengowla  East 
the  gangue  in  part  vaa  oryitalline 
green  fluorspar. 

II 
II 

55 
88 

Gortmore  (Womihole). 

Hoycullen— Cbr^f/«r0«ff.^PrinclpaIly 
lead.  The  Wormhola  mine  is  along- 
side Lough  Conib,  and  it  is  dific^t 
to  keep  the  water  down,  aa  there  is 
leakage  from  the  hike. 

II 
II 

89 

89 

DmmmauT  (Doon). 
Cairoirgarriff, 

dan.— Lid,  copper,  manganese,  and 
iron. 

II 

55 

Cuiraghznore. 

sulphur  ore. 

n 

85 

K«iy. 

80  ft 
81 
80 

Ar4f0rt. 

If 

Chghir. 

silTcr-lead,  and  copper. 

II 
II 
II 

47 

47 
47 

^Annagh  Ea9i. 
Meanui, 
BaUybiaok. 

lead;  with  sine  at  Anna§^  and  a 
little  copper  at  Meaana. 

II 
II 
II 

9 

9 

15  ft 

16 

98 

98 
98 

Ballinglanna. 

Eaat  of  Caahen  River. 

Causeway— Car&mt/MiotM.— Lead;  with 
a  little  copper  on  the  coast  to  the 
eaat  of  Caahen  Riyer. 

II 

II 
II 

Gaher  W$at^  or  Shana* 

KiUowm. 
Public  Gaidon. 

Kemnare  —  Cbrhaniforom.—JML  At 
Shanagarry,  a  sub-diTirion  of  Gaher 
West,  sUyer-lead  and  copper  are  aaso- 

9* 
II 

66 
66 

Cahimaito, 

Kmamer—  Oarhonifiroui.— Sayer-lead 
at  Cahemane.  Lead,  sine,  and  cop- 
per at  Ross  Islrnd. 

ff 

n 
If 
II 

89 
89 
80 
89 

BaUybegffan. 
BaUymullen. 

Oakpark. 

Tralee  — ai-3sfiv>roiif.— At  Oiiipark 
only  lead  is  recorded ;  at  the  others 
copper  was  associated  with  silyer-lead. 
Native  sUver  at  LiBsooleen. 

Kildan. 
II 

15 
15 

Ardcloffh. 
Whefttfleld  Upper. 

Celbridge— air«o«i/«roiM.--Lcad;  with 
some  siao  at  Wheatfleld. 
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CoUXTZSfl. 

iii 

LOOALITISS. 

Kildare. 

8 

FrMgh. 

£  denderry  —  Carbanifnr^ui, — Lead : 
worked  out. 

EiDunny. 

88 

BaUygdlUm. 

^  Iniatioge-Cbr^«t>roii#.-SaTer.lead. 

»» 

48 

Dunkitt 

>9 

87 

HaU). 

Knocktopher  —  Carhonifirwu,  —  Silyer 
S^  Nat%v$  iUvfr  lut. 

Eing*i  Co. 

18 

MonatUnnit  {Bhmdea 

JTllMf). 

Edenderry—  CfarbofUfMWU.-^LuA : 

?f 

86 

&c. 

Siieve  Bloom. 

Kixmity— In  the  OrdovUim  xooks  of 
Slieve  Bloom,  lead  and  copper  kaye 
been  recorded  in  seToral  plaoea,  bat 
whether  together  or  aeparate  is  not 
mentioned. 

11 
7 

Bazrackpark. 

Lurganboy  —  (krbonifir^ut.  —  SUyer- 
lead  in  ddomitio  aand. 

Limerick. 

i> 

■  '»» 

11 

88 
11 
88 

tUen, 

Afikeaton. 
Kilcolman. 

some  zinc  and  pyritea  at  Qiidgne: 
at  Ballysteen  there  was  silyer-Iead 
and  Bilyer.    The  known  depoeita  in 

out. 

8 

Pallaakenry—  Oarbontf$r9Ui.^  Copper 
and  silyer-lead. 

.   ft 
»> 

80 
80 
80 
80 
80 
80 

Ardgoul  Soutii. 

Freagh. 

Boolaglaas. 

Cloghatrida. 
BaUinvirUk. 

— diBooyered  when  making  the  nil- 
way— there  is  a  good  show  of  silyer- 
lead.  Freagh  and  Boolaglass  un- 
proyed.      The  other  places,  where 

and  pyrites,  are  worked  out. 

It 

86 

Newcastle—  Carbm\f0roui.  —  Lead : 
worked  out. 

>> 

85 

Tower  Hill. 
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GoUXTIBfl. 

« 

4^ 

Localities. 

T.i>Ari^t 

25 

Ooia  SiU. 

Ookir— Ciir^i/froi<«.--8]lTer.lead,  car- 
bonate of  lead,  copper,  and  baiytee. 

ft 

25 

Carrigheg,  op  Coonagji 
Castle. 

Boon— Car&mt/frMM.— Lead. 

Londondeny. 

25 

Scriggan. 

DungiTen  —  Csr&ofti/rrofM.— Tumblers 
and  fragments  of  lead  {gtOmiU). 

Longford. 

Louth. 

14 
84 

JJongiord. 
Oldbridge. 

— SUver-lead. 
Drogheda— Or^fovmofi.— Lead  and  cop- 
per. 

n 
ft 

7 
7 

Cramlin. 
FairhiU. 

Dundalk— Or<209«?um.— Lead.  At  Fair- 
hill  tumblers  were  found  in  the  trials 
made. 

$f 

16 

SalUritown. 

per. 

Mayo. 

108 

BaUynattockagh,     or 
Bellaveel. 

ff 

75 
66 

Bolinghma. 
Srahmor$, 

Newport—  Carioni/Wwa.— Silyep-lead, 
copper,  and  pyrites. 

»» 

107 

Westport— ()rA«pwum.--8ilver-lead. 

121 
181 

Ballymacgibbon, 
GortDrack. 

Headford  — OfT^Mt/VroMf.— Lead  and 
pyrites. 

■  Heath. 

88 

Cloghan, 

dent  mine.— (^ri^M.) 

i» 

99& 
86 
86 

Athbog. 

South  of  .  .  -CsfAofii/WvM.— Lead. 

Dollardstown. 

Slane  (Beaupark  mine)— CMwi|/Wviit. 
— Lead  and  copper. 

Monaghaii. 

10  & 
94 

Corbiaok. 

10 
10 
10 
14 
84 

ComamuoUagh  North. 
„            South. 
D^maeluff, 
Jkrryluih. 

Sra. 

»» 

8 

Bellanode— Csr^t/»reM»— Lead  and 
sine. 

•> 
•> 

86 
86 
86 
86 

Oamalough. 
Cleggan, 
Carrickagarvan. 
Dromortt 

silTer-lead;  barytas  at  the  first  two. 
The   deposits   are   supposed   to  be 
worked  out. 
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GoVKTIBt. 

41 

LocALnus. 

Monagbaa. 

15 

/AnnayaUa. 

Monaglian—OriJDvi^um.— Lead   is   the 

»f 

10 

principal  ore  at  these  localities;  it 
hang  associated  with  zinc  at  Ayal- 
zeagh,     Kilcrow,    and    Goolartragh. 

)» 

14 

Ayalbane. 

n 

14 

AwhrBiigK 

n 

14 

Carrickaderry. 

baiTtes  also  occurring  at  the  latter, 
At  iiisglassan  and  Tnllybuck  it  was 

>» 

14 

Garrickanure. 

»» 

14 

ClareoffhUl. 

accompanied  by  antimony  ore.     At 

ft 

14 

Coolariragh, 

most  of  the  places  printed  in  italics 

»» 

14 

Cornamucklagh  NorUi. 

the  paying  portions  of  the  Teins  were 

f> 

14 

Croaghan. 

taken  out. 

)) 

14 

Growmoro. 

91 

14 

Glaasdmxniiuui  Bast* 

»» 

14 

Grig. 

ty 

14 

Kilcrow. 

f> 

14 

Latnakelly. 

14 
16 

Lemgar$. 

>f 

14 

Litgloiitm, 

99 

14 

Ta$$an. 

9f 

14 

Tonnagh. 

99 

14 

liiUyhuek, 

Qae^n'sCo. 

18 

Dyaart 

99 

88 

Goolbaim. 

99 

88 

Ballickmoyler. 

Balliokmoyler— a»-^ofi(/#rMtf.— Lead. 

ItoMomniQii. 

Sligo, 

80 

99 

80 

Luffawany. 

^rMii.(?)— Lead.  NatiTe  aflyer  at 
the  first :  the  old  deposits  in  both 
places  worked  out.  New  reins  since 
discoyexed. 

99 

6&0 

King's  Mountain,  SligtH-OiraofHAreiit. 

»» 

8 

Tonnore. 

S0q/l0ld  (Knooknarea), 

—Lead,  copper,  and  baiytes.  The 
deposit  at  Glencarbuxy  is  prindpally 
baiytes. 

Tippenrj, 

88 

vdV^flfM* 

Toomayara  —  Carhmiftrfm$.  —  Looally 

99 

caUed  the  «  Silyer  mine ; "  supposed 

»• 

to  be  the  Bosaigid  of  the  "  AmuUs.** 

>. 

•''8$$NiUiv9  9iUerU9t. 

91 
99 

10 

GorbaUy. 

Portroe  -  Or*»rkAm.-Lead.     Gairy- 

•9 

18 

Cffrryiiwiiiiifa. 

kennedy  was  a  yery  ancient  mine, 

If 

10 

Laghtea. 

stone  and  wood  implements,  fto.,  har- 

19 

ing  been  found  in  the  "Old  Hea*s 
Woridngs." 
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Couicms. 

is 

Localities. 

Bbmabxs. 

TippezBry. 

S8ft 
94 

Cooleen. 

Boniaoleigh— Ordiormafi.— Lead. 

»f 

96 

BaUygoioan, 

SilTennmee,nearNenagli— Cardoni/MiotM 

ft 

S6 

(sandstone  and  limestone). — These  are 

99 

S6 

Cooleen. 

all  sub-denominations  of  the  great 

99 

S6 

Qarryard    £ait     and 

*<  SiLTBRMiNB  Sbtt.  "   In  thoso  mines 

West. 

haye  been  found  silver,  silver-lead, 

9» 

S6 

lead,  siWer-copper,  copper,  sine,  and 

nadyne. 

historic  times,  and  the  attals  in  the 

99 

86 

Oortthaneroe,  or  BaUy- 

noe. 

old  stulls  have  lain  so  long  that,  by 

99 

S6 

Knoekanroe. 

chemical  change,  new  minerals  have 

99 

S6 

Lacka. 

formed.    The  fault  at  Silvermines, 

>9 

S6 

ShaUee  Ba$i  and  W-i. 

on  which  the  lodes  are  situated,  can 
be  traced  eastward  to  Toomayara, 
and  westward  to  Oallowahill,  near 
Sizmilebridge,  Co.  Glare. 

n 

74 

Aherlaw  Vale. 

Tipperary—(7araofit/»rcNf.— Silver-lead, 
copper,  and  manganese. 

Tyrone. 

18(f) 

99 

18(f) 

Teebane  Weet. 

in  1864. 

Waterfoxd. 

84 

Ballydoufane. 

99 

85 

Knoekmahon. 

portions  of  "Buwmahok  Coppir 
MmsB.^    At  both  places  there  was 

silver-lead  associated  with  copper; 
while  at  Knoekmahon  nnc  and  co- 

balt were  also  f ound.— te  Copper  Hit. 

99 

7 

Monminano. 

99 

Cruack. 

mine. 

99 

88 

Mine  Head. 

Aidmow-^Tellow  StmdHme,  or  D§90* 

Mtoft.— Silver-lead. 

99 

40 

Monatraj. 

—Lead. 

99 

88 

a«.,*i«. 

Lisroore — Carhoniferous. — 8ilver>lead ; 
worked  about  the  year  1825. 

Westmeath. 

Traces  of  lead  found  in  different  places. 
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Covmu, 


LOCAUTIBB. 


sir,,  ff,.,,i 


vfOMfll  IMM  ■ 


Qibbcfpatriok. 


Killlaa. 
48  L  South  Slob,  inUks. 
S7  I  BiBhopiwatar. 


WicUow. 


f9 


7 
0 


17 

28 

Vtk 

88 


Anghatfalappt. 

Cairn. 

KiUottghnim. 


Jk^te$  MmmUm* 


Glen  of 


Lougk  Tap. 
ZotifhJkm. 


Bdleylttg,  or  Hoatamoy. 


BrockagK 
(kmamry. 


Caniok-oii-Bannow. — Ordowieim^  —At 
Glonmines  there  is  the  d^ru  of  rery 
ancient  mines,  supposed  to  have  been 
worked  by  Uie  Ostmen.  Here  in 
Charles  l/s  time  there  was  a  mint 
At  Barrrvtown  there  were  workiDgi 
on  a  lode  oontaining  silTer-lead  and 


Dunoonniok  —  OmrUmfgnm,  —  Leid; 
Tains  of  dolomite  sand  with  MBBgi 
of  lead. 


Wexford  —  OtrhoHtfinut.-^  Lead  md 
baiytes  Tains  out  in  the  canal  at  the 
South  Slob.  Strings  of  lead  foand 
when  sinking  the  weQ  at  Bishopi- 
wator  DistiUerj. 


Enniioorthy — Ordimtum. — Lead,  or 
silyar-lead.  At  Caim  there  were  alio 
some  zinc,  copper,  iron,  and  solpliiir 
ore.  The  profitable  portion  of  the 
Teins  are  auppoaed  to  be  worked  oat 


Enniskeny — Ortm^  mti  Miom-mkid. 
— ^Lead  and  copper. 


HoU  jwood — Metmniorp^  (MsrwuM.— 
Lead. 

Togher,  orBoundwood— ^ranyt*— Lead, 
with  at  Lough  Dan  oopner  and  aine. 
At  Cairiseenduff,  Lou£^  Ban,  the 
Tein  worked  out. 


Baltindm    Brtm^  or  Jfia^-idM.- 
Yioinity  of  .  .  — ti'raNyl*.— Lead. 


Tinahely— (?rwiyt#.— Lead.   Anandsnt 

fnina. 

Glbndalouoh  Lbad  MiHia.  Or§mj/U 
tmd  Miea-§eAiit,  —  Loganure  and 
Olendassan  are  sub-denomfnations  of 
Brockagh.  Lead,  silTer-lead,  aino, 
iron,  a  Uttle  copper,  &a 
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CoinmM« 

iji* 

I.0CAIITXB8.    . 

Bbmarxb. 

WieUov. 

S8 

LujnaqniUia     (Nortli 

Bathdrum,     Glikmalubb     Mxhxs — 

OranyU—'Rximdmg  in  places  into  the 

ft 

28 

BaUma/unskog^. 

yf 

»& 

the  Talley  of  the  Avonbeg.    In  many 

as 

places  with  the  lead  there  are  aino  and 

I* 

as 

Ballyboy. 

eopper.    At  BaniTore  there  is  snpe- 

n 

as 

rior  barytes,  and  at  Clonkeen  iron 

n 

aa 

GamenabologiiB* 

andaino.    At  the  North  Prison,  Lug- 

II 

as 

(Nankeen, 

naquillia,  there  is  a  promising-looking 
lode,  but  the  plaoe  is  yery  inaoeessi- 

» 

as 

Clonyalla. 

II 

as 

/CttmuiUagh, 

ble. 

n 

88 

OidUiUragh  Fork. 

II 

80 

Ballinaclaah. 

i» 

88 

If 

40 

19 

40 

donwiBiam. 

dufi.— Lead.  At  Clonvilliam  only 
strings  hare  been  found. 

n 

S8 

» 

85 

Kilmacoo. 

These  belong  to  the  EAsrOTocAMiirBs 

n 

85 

Comuny, 

In  all  of  them  the  lead  is  more  or  less 

H 

85 

(7jr0fi#MVi#« 

associated  with  copper  and  pyrites. 
Native  silver  (aunferous)  has  been 

found  in  east  Cronebane  (Magpie), 

Gonnary,  and   Kilmacoo;    also  the 

peculiar  mineral  called  Kilmacooite, 

or  '<  Blueetone,"  which  is  a  ipizture 

of  the  sulphides  of  copper,  lead,  zinc. 

iron,  antimony,  arsenic,  and  silver, 
with  a  trace  of  gold. 

99 

85 

KflmAena. 

i 

1 

Zinc  and  lead. 
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[Copper  is  recorded  as  hATing  been  found  natiTe  in  the  minea  at  East  Onmeliane  and 
Connary  in  cracks  or  slight  shrinkage  fissures  in  the  reins,  while  the  mine  water  has 
deposited  it  on  the  metals  in  the  old  working.  Native  copper,  sometimes  in  geodes, 
was  found  at  Kilduane,  Bonmahon,  Co.  Waterford,  and  spanng^y  in  some  of  the  lodes 
in  S.W.  Cork.  Yellow  copper  ore  [dudcopyriU)  is  often  found  associated  with  lead 
in  the  limestones  of  Carboniferous  age,  but  usuaUj  m  too  small  quantities  to  be  of 
any  value.  In  the  sandstones,  whether  high  up  or  at  the  baaa  (Xmmt  CarbaiUfnvui 
aandston*)y  the  copper  usually  predominates.  In  the  Deyonian  rooks  it  pimct* 
pally  occurs  as  the  yellow  ore  {ehaUopffrite),  and  grey  ore  {tetrah0drit$) ;  and  on 
the  backs  {^otMn  lodis)  of  some  of  the  lodes,  the  carbonates  {malaehiis  and  agitriUt)^ 
and  oxide  (melaeonite).  Generally  it  is  only  associated  with  sulphur  ore  or 
mundic  {pyrite) ;  but  sometimes  lead  {^alenUe)  and  barytes  (hitriteSm  present ;  the 
latter  in  places  being  so  mixed  as  to  deteriorate  or  ruin  the  ore.  The  ores  are  most 
preyalent  in  the  MetaUie  ShaUt,  or  the  upper  zone  of  the  Qeyonians.  In  the  unaltered 
Silurians,  Ordovicians,  and  Cambrians,  also  in  the  gianyte,  the  yellow  ore,  similarly  as 
in  the  Carboniferous,  usually  occurs  associated  with  the  lead  ores;  but  orlj  in 
small  quantities ;  while  in  the  metamorphic  rocks  it  is  in  larger  quantities ;  sometimes 
being  independent,  but  more  often  aasodatad  with  pyrites,  lead,  zinc,  or  barytes. 
Some  of  the  pyrite  or  sulphur  ore  at  Ovoca  was  a  poor  ore  of  copper  containing  from 
2  or  3  to  8  or  10  units ;  and  the  copper  in  the  ash  of  such  ores,  after  the  aulphor  is 
abstracted,  is  found  to  be  remunerative. 
At  Carrigacat  and  Kilcrohane,  Co.  Cork,  and  BaUymurtagh,  Co.  Wicklow,  the  copper  ore 
{tappery  pyrite)  is  in  part  auriferous,  while  most  of  the  old  coppery  lodes  in  the  great 
OToca  channel  probably  contained  some  gold.  At  Garrvard,  Gortnadyne,  and  Gort- 
shaneroe,  Co.  Tipperaiy,  and  near  fiantry,  Co.  Cork,  the  copper  ores  are  argenti- 
ferous.] 


COUKTUS. 

-■■V 

ill 

Bbma&ks. 

Armagh. 

81 

Tullydonnell. 

»> 

S8 

Kilnumaghan  {GerrariPt, 
or  Tuscan  Fata). 

Newry— Ortf9P«dmi. 

Carkw. 

S6 

Cayan. 

90 

Cayan~Cbr^t/#nMM. 

Clare. 

6 
6 
9 

OUnulla' 
Lisnanroum. 

Bally  yaughan  —  Carbmifmfm.—  In 
small  quantities  with  lead. 

90 
80 

Corrakyle. 
Leaghort. 

u 

94 

Bailyhickey. 

Quin— Car5ottf/rrouf.^In  small  quan- 
tities with  lead  and  zinc. 

» 

S6 

BaUyvergin, 

TuUar-Oir^ofif/Srroiis.— With  lend  and 
pyrites. 

»f 

86& 
.44 
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lit 

Localities. 

Bbmabju. 

Cork. 

114 

AUihu$. 

»» 

1S7 

Cah^rmmMo$. 

low  copper  ore;  with  ft  large  pocket  of 
the  carbonates  in  the   north  mine. 

tf 

114 

^amimk$9. 

t» 

114 

Cloan, 

The  yeins  both  horizontally  and  in 

>» 

114 

'Voom, 

depth  seem  to  have  passed  ont  of  the 

99 

114 

Kealoge. 

**  metallic  shales,"  (upper  cone  of  the 
Deronians)  and  to  We  beoome  un- 

& 

187 

profitable. 

99 

115 

Killaoonenagh. 

99 

ftc. 
90 

JSik  Maimtain, 

Olengaxifr— DMWMiofi. 

99 

1S9 

If 

180 

— At  Derreengreanagh  associated  with 
barytes.    At  LiBsaremig  and  Rooska 

mils  Water. 

99 

117 

grey  argentiferous  ore,  with  silver- 
lead,  arsenic,  and  iron  (chalykit$). 

99 

117 

JUmka. 

99 

118 

If 

1S9 

Glanalin. 

99 

188 

OortavaUig, 

99 

118 

HoOfkUh 

99 

1S9 

JSrUUm,  A'orth. 

KiLCBOHANs   linras  (Sheep  Head)— 

129 

99           South, 

99 

199 

^Knoekro$. 

large  lode  of  sulphur-ore,  with  strings 

f$ 

199 

KilcroKam. 

or  thin  reins  of  yeUow  copper. 
Along  the  bedding  are  oeds  contamin^ 

grey  copper  (argentiferous  and  aun- 
nroos  (?)  9  and  on  the  back  of  the  lodes 

and  beds,  carbonates  and  oxides  of 

copper.    Worked  by  the  South  Bear- 

haven  Co.    At  Kilcrohane  there  is  a 

thick  sulphur-ore  (mundie)  lode. 

99 

140 

9f 

140 

'CappaghgloMt. 

vofiuNi. — Balltdbhob  ahd  AuntBT 

ft 

140 

Faiinamuek, 

MiMBs.    There  are  difibrent  lodes  in 

19 

149 

Horn  laUmd. 

each  sett,  some  with  grey  ore,  others 
with  yellow.    Some  of  oeyellow  ore 

»9 

140 

BoBthrin. 

9» 

140 

Ballydehob. 

lodes  are  good,  others  more  or  less 

9f 

140 

BoUagh. 

deteriorated  with  bairtes.  Lead  is 
sometimes  also  found  m  small  quan- 
tities, as  at  Ballyoummisk,  and  m  the 

99 

140 

99 

140 

Kileoe. 

99 

140 

Skeaghanor: 

99 
ft 

181 

nore  is  a  peculiar  name,  aa  if  gold 
was  once  found  there. 

99 

140 

ZUkWten. 

99 

140 

LaheratMtvaUg. 

twfium.— BoABiNO   Watbb   KnrBS. 

99 

140 

Oopper  and  lead. 
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GoumriBs. 

* 

Cork. 

14S 

CatiUpoint. 

Btvll  Uivw^Tellow  8andtton$^0T  Ik- 

ft 

148 

\^wvi' VVVvMvrMVtt 

vonian, — Generally  more   tlum    one 

II 

189 

'Cooih&m, 

lodd  in  each  sett.    Principal  ores  the 

k 

yellow  and  srey  I  but  at  Coosheen 
there  was  a  oack  of  carbonates  and 

144 

II 

140 

iron.    At  Mount  Oabriel  there  is  also 

»' 

14S 

I/mgitland, 

barytes. 

If 

14S 

8kuU. 

II 

14S 

Leamcon. 

«> 

189 

Mount  Oabriel. 

14S 

Altar. 

CuooKHATiM   livm^^TeUow    Sand- 

9» 

147 

BaUydiylin. 

ttons,  or  Devonian, — ^Yellow  and  grey 

19 

147 

BallyriBods. 

ores.    In  some  setts  more  than  one 

ff 

147 

Balteen, 

lode.     At  Carricat   the  gossan  was 

9f 

147 

^Carrieatf  or  J)hurod4. 

auriferous,    at    Boulys^jsgh    there 

n 

147 

were  silxsF  and  lead,  and  at  Spanish 

If 

147 

Callarot, 

Core  silver-lead.  At  Balteen  a  quartz 
lode  was  worked  for  gold,  although 

») 

146 

Cloghafu  (Mizcen  Head). 

If 

147 

Crookhawm. 

no  gold  had  ever  been  detected  in  it. 

»f 

147 

Kilbarry. 

f> 

152 

MuUavoge  (Brow  Head). 

1% 

147 

KUmor$  (Spanish  Cove}. 

If 

147 

Laekavttun, 

f» 

14S 

^I\)ormor$, 

» 

151 

BawniihaU. 

Bkihhmenr-TeUou?  SmuUton$f  or  2)#- 

>» 

142 

Babbit  Island. 

Castletownsend— ri;/2(H«  Sandstone^  (3fr 
Jkvonian.-^Also  lead  and  antimony. 

99 

142 

Aughatvhrid,  "- 

Bo6carberry--(6LA2rDOBB  Mnots)  Tol- 

ff 

143 

Lerry. 

99 

142 

Drom. 

Aughatubrid  there  is  a  back  of  iron 

99 

142 

KMtnore, 

and  manganese  that  extends  eastward 

M 

148 

Kiljltman, 

to  Boury  Glen  and  Boecarbeny  {tee 

»f 

148 

Qortagrenane. 
litUe  Island. 

liit,  Iron  oree).  At  LitUe  Island  there 

If 

148 

is  barytes. 

19 

144 

Ihmem, 

Mian.— Also  lead  and  barytes:  the 
mine  workedj^rindpally  for  the  latter. 

f> 

107 

Derreens. 

D  unman  way— DiMwiuMf  or  TeUow 

99 

107- 

'Ooom. 

Smuktom. 

.     >» 

107 

19 

78 

Zhoekadoon, 

>9 

78 

Capel  Island. 

stone,— At  the  Fever  Hospital  there 

>» 

67 

Fever  Hospital. 

is  a  strung  coppery-looking  spa. 

91 

68& 

Bathpeacan. 

Cork— Tettow  Sandetone,  or  Devonian. 

74- 

— Tellow  ore,  with  a  litde  carbonate. 

»9 

88 

MilUtreet. 

Vicinity  of  .  .  ^Devonian.  (P) 
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COTVTIBS. 

5II 

BiKABXS. 

Donegal. 

106 

Bundoiaii. 

Vicinity  of .  .—Cario«i/troK*.— Alio  lead. 

>» 

w 
n 
n 

107 
107 
107 
28 

Abbeyhndi. 

Fmner, 

Saltpans. 

Ballyahannon  —  Carhoniferfma,  —  Witli 
lead  and  zinc :  worked  for  the  lead  ore. 

Eathmullen— Or*wi£?ki».— Thin  yein 
yellow  ore ;  a  quartz  lode^  to  the 
northward,  coppery. 

n 

6B& 
61 

ScraUj  and  CarrygaUj. 

A  copper-stained  quartz  lode,  with 
N.E.  and  S.W.  line  of  coppery  spas. 

if 

^ 

Clonea. 

t» 

86 

Gasheleenan. 

Kilmacrenaix— (>r*ww«m.  (?) 

»ff 

16 

Matfagh. 

Dunfanaghy— aimdriafi.(P)— Also  lead, 
pyrites,  and  iron:  worW  for  the 
leiEul  principally. 

i> 

17 

Fanad. 

Glinsk~Or<^<<?km.(P)— Also  lead. 

»i 

e4, 

58 

Iniakeel. 

DowiL 

Glafisdrumman. 

Annalong— Or<tot?wwfi.— Also  lead. 

» 

89 

Oun's  Island. 

bwytes. 

>» 

82 

Moume  Mountaint, 

lead. 

«» 

40 

St.  John's  Point. 

9t 

81 

^TMljfristty, 

DuUin. 

28 

Seapoint. 

Blackrock—6yaMy<#.— Traces. 

S9 

12 

Vicinity  of  .  .  —Carhon%firou$. 

» 

9 

Lambaj. 

»> 

6 

Bush— Cordoni/^ffViM. 

Fennanag^ 

9 

'SMsheg^ixdutUdOd^ 

Belleek— CiirAwi»Aroi«.(?)— Also  iron. 

Vf$ll. 

■  NoTB.— At  Maffheramenarfi,  between 
Castle  Caldwell  and  Belleek,  copper 
was  raised  by  the  late  Mr.  Johnston 
in  the  Carboniferous  limestone. 

Galvay. 

»» 

91 
79 
90 
90 

90 

Inverrin  and  Mifma. 
Derrynea. 

^Maumem     (Qorumna  ^ 

Island). 
Teeranea. 

Spiddal— (?ni«y<tf,  or  aUied  rofl*f  .—Ores 
present :  which,  in  general,  are  more 

SdSSr.  FKOCy  B.D.6.,  TOL.  Y.  FT.  IV. 
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COUKTISB. 

loCALITIBS. 

Rbicabxb. 

Galway. 

64 

Bunnagippaun. 

Oughterard— Jf(?tewK)rpAk>    Cambriant, 

If 

64 

Canrawer. 

or    Orrforicta*!.— Lead,    pyrites,    or 

»> 

64 

Creggs. 

pyrrhotite,    are    generally   present; 

>> 

64 

Cloothgerem, 

sometimes  zinc  and  barytea.    If  the 

>» 

64 

Olmgowla  Wett. 

lode  is  in  limestone,  as  at  Glengowla, 
the  ore  is  principally  lead.  In  the 
Cnnaghduffs  there  were  good  bunches 
of  yeUow  copper  ore. 

» 

89 

Barratlwa. 

»> 

89 

Derroura. 

»> 

89 

Curraghduff—  West, 

Middle,  and  South, 

ti 

89 

Derreenagusfoor. 

» 

89 

Curraunbeg. 

»t 

89 

Shannawagh. 

»> 

89 

9> 

40 

)) 

40 

BaUygaUy. 

»» 

89 

Drummauv. 

Manm  Biidgo—Metamorphie  Cambrian. 

>» 

89 

Maumto$e. 

— At  DnunsnauY  there  were  also 
lead,  manganese,  and  iron;  while 
at  Maumwee  the  ore  was  princi- 
pally pyrrhotite. 

fl 

11 

Zeenaun  (Benwee). 

Leenaun  Hotel— /Si^wriaii.— Principally 
lead. 

» 

49 

Ballyconneely. 

»» 

60 

Oranyte,  &c. 

>» 

68 

Murvep. 

>> 

68 

DogtBag, 

>l 

68 

Erriabeg,   "West    and 
Eaat. 

99 

9 

Cleggan  Tower. 
ffigh  Island. 

99 

9 

Cambrian,— In  the  Rinvyle  district, 

99 

21 

99 

82 

(7/oofi(ClegganMine). 

looatm  (9  and  10),  CashUen  (9),  &c., 

99 

22 

Boolard, 

trials  haye  been  made  in  search  for 

99 

22 

Doon, 

copper  and  iron,  but  not  with  good 

99 

22 

Domeen, 

result.    This  tract  lies  to  the  N.W. 

99 

86 

Ardbear, 

99 

86 

Fdkeeragh. 

99 

24 

Eylemore   and  Gleni- 

nagh. 

Also  sulphur  ore. 

99 

86 

Bamanoran. 

Kerry. 

80 

Clogher. 

Castleisland— Ciiriofii/«r<M«.— With  sil- 

99 

ver  and  lead :  worked  for  the  lead. 

99 

47 

Meanui. 

C  as  tlem  aine—  CarboniferoM.—Wiih 
lead :  w^orked  for  the  latter. 

99 

9&0. 

Coast  east  of   Caalien 
River. 

Causeway— C«r4on»/tfroi«.— With  lead. 

99 

62 

Dunquin. 

Vicinity  of  .  . 

1 
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COUKTIBS. 

Localities. 

RsMAllXfl. 

Ken7. 

n 

»» 

If 
>> 

98 
98 
98& 
102 
08 
98 

98 

84& 

98 

Oreenlane, 
CnmweWB  Fori. 
Muekma, 

ArdtuUy  (Clontoo). 
Caker   JFut   (Shanna- 

CahwEirt. 
Gortnacurra. 

Keam^ie— Carboniferous  and  Devonian. 
—With  silver-lead  at  Caher  West. 

>> 

98 

Kemnare,  west  of. 

ft 

74 
86 

Muekross, 
Hots  Jaland. 

Eillamey—Cbrdofii/lffVttf.— Very  ancient 
mines.  Cobalt  and  sulphur  ore  at 
Muckross;  lead  and  cino  at  Boss 
Island:  the  latter  worked  princi- 
nally  for  lead.  Mines  mentioned  by 
Nennius,  a  ninth  oe^tury  writer. 

»» 
»» 

106 
99 

Oarrough, 
SUiigue. 

^TLbem—YoUow SandoUm^  or  Jkwmian. 

>> 

89 
89 
80 

Ballybeg«m. 
Ballymullen. 
L%$8QUm, 

Tralee  —  Carboniferout.  —  Principally 
lead.  At  Lissoleen  there  is  native 
silver. 

» 

78  & 
87 

87 
79 

Finnies  Upper. 

Cahersiveen— Z>«twfiMm,  or  Silurian. 

II 

Oughqnick. 

Clynacartan. 

Garranearagh. 

>» 

106 

St,  Crohan,  or  Behag- 
hane. 

Westcove— DM^^niofi.  (?) 

Kildare. 

17 

Punchersgrange. 

>» 

88 

Dimmurray. 

Kflkenny. 

81 

Enocktopher. 

Vicinity  of  .  .  ^Carhonifertui, 

King's  Co. 

KiUan,  on  Grand  Canal.— Ciir*«fw>i»rwi#. 

>> 

86 

&c. 

Slieye  Bloom. 

'Khaaxtj—Carhonifmrnt  Sanditono,  tad 
Ordovioian. 

Leitrim. 

Skreeny. 

Manorhamilton— JfiftofNOfpAM  Cam' 
brian.{f) 

11 
11 
11 

Oortnathtagh, 

Follboy, 

Shamatii. 

Lnrgaaihoy^Mlftamctyhie  rc$k$;  Cam* 
hrian.if) 

Limerick. 

»               1 

8 
8 

1 

BaUydooU. 
Charter  SchooL 

Pallaskenry— Ctfr^ofii[/mw«.— ^The  mine 
at  Ballydode  was  worked  for  lead. 

E2 
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CoOMTIM. 


T.imfiij^»lr, 


Lonth. 


ill 


LoGAUTUt. 


BncASXB. 


Mayo. 


M 


M 
16 


Heath. 


Boaoommon. 


Tippenry. 


114 


6ft9 
9 


19 


BmUimgm 
ClofhUridm, 


ooUHm. 

Cloglier. 
Oldbiidge,  West  of. 


Ballydaiigiiio 
Geernuui. 

Doonadoba. 


Louisbuzgli. 


B<(/Ih  Island. 


BolingUma. 
Srahmore. 

DoUaidfltown. 
Bainttown* 

BroumsUncn. 
OuMekttawn. 
Kmttstoum. 


Olencarbmy. 
Tormore. 


Zaekamor$, 
Toor^mihrim  Uppers 

Berry  Demesne. 


Bathkeale— CM0MiA»w»-— Also  BnTa> 
lead,  line,  and  sulphur  ore.  Tbe 
deposits,  which  were  wrought  for  Uis 
lecui,  worked  out. 

Oola— Cbr&ofii/irroi».->Alao  lead,  zinc, 
and  sulphur  ore :  the  lead  in  excess. 

Droftheda^-OnfbficMM.— Also  lead  at ' 
Oldbridge. 

Toghe]^—O^Awt4Mll.— Also  lead:  seemi 
to  haye  been  principally  worked  ior 
the  latter. 

Ballyoasde— Cardoni/ifrotw. 


Seacoast  N.£.  of  Ballycasde.— Gir- 
foMi/frsM. 

Vicinity  of  .  .  ^SUurian. — Also  sul- 
phur ore. 

Gleggan  — (M9irMMHi.~Alao  solphur 
ore. 

Molrany,   Cobbatjm  Hinbs.  —  Orion- 

0Mfl.(P) 

Blane,  Bbavpark  Mik&h — Ctarhonifi' 
ro¥s, — Also  a  little  lead. 

Walterstown—Car^i/froift. — ^Woikcd 
in  1800:  yeins  said  to  be  worked 
oat. 


Sligo  (King*s  Mountain) — Cariomy!trou$. ' 
— Also  lead ;  but  principally  harytes. 

Bonisoleigh(Clodiagh  Valley) — OrdoH-  I 
dan, — ^An  ancient  mine.  | 

Newport — OrdoviHan. — ^At  Lackamore  • 
ancient  tools  were  found  in  the  '*  old  . 
mens'  '*  workings. 

Portioe---Ofti09ia0ii.  ' 
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Couimss. 

^11 

LOCALITIBS. 

Bbmahxh. 

Tipperary. 

17 

BathtMV0oge. 

Dunkenin — Carbonifirous. 

9> 

82 
26 

Ooolruniha. 
Garryard  East. 

—Principally  in  ike  sandstone.    At 

t» 

86 

Wett. 

91 

26 

Oorteenadiha, 

Gortshaneroe  tiiere  was  silyer-lead; 

»» 

26 

the  copper  being  also  argentiferous. 

yi 

26 

Knockanroe. 

At  Enockanroe  and  Shallee  there  was 

yy 

26 

also  leady  Ac-See  Lead  liet. 

yy 

26 

„     WeML 

>» 

81  & 
82 
74 

Ballyh&urigan, 

tf 

Aherlow  Vah. 

and  manganese. 

yy 

46 

Clonmurroffha. 

yy 

46 

Gkmough  Upper, 

46 

Zaekenaerema. 

yy 

46 

Reafadda. 

>f 

46 

BaUyeohm.  or  Holly- 
ford. 

Tyrone. 

87 

Sluffgan. 
Ballmtrain. 

Pomeroy — Silurian,  or   2>#PMikm(f) — 

99 

44 

Old  working  at  the  southern  boun- 

fy 

46 

Crannoyud  and  Knock' 

dary  of   Crannogue;    spas   at   the 

naehgh. 

northern  boundary.  Coppery  gossan 
at    Shanmaghry   and   Lorganeden : 

yy 

46 

Glenbeg. 

yy 

46 
46 

Aghafad. 
Shanmaghry. 

more  or  less  copperr  spas  in  the 
other  townlands.    This  ooontiy  is  as 

»» 

46 

Luiganeden. 

yet  unexplored. 

NoTB.— Tliese  Tyrone  roeks  may  in  part 
be  the  representatiYes  of  the  English 

Waterford. 

26 

Knockane 

Annestown — Ordorician. 

»> 

26 

JToodatotcn, 

26 

Ballydotcane, 

BONMAHOV  MiNBS—Or^foridMiM.— Mi- 

26 

Ballynayifila. 

ning  in  operation  at  an  early  agOy  as  in 
some  of  the  old  working  at  the  Stage 
lode,  Knockmahony  rude  stone  and 

24 

BaUynarrid. 

yy 

24ft 

^/  W  wwTrWwMw^  Vvv  wv4#  • 

26 

wooden  implements  were  found.  In 
this  lode  there  were  also  silyer-Iead, 

26 

Eilduans. 

26 

KUmurrin, 

zinc,   and  cobalt ;   at   Ballydowane 

* 

26 

KnockmahoH. 

silyer-lead,  and  at  Eilduane  native 

26 

Tankardttown, 

copper.— -5#»  Cobalt  liet. 

yy 

24 

TempUyvriek. 

if 

24 

Seqfield. 

18 

6 

Canigroe. 

EnoekatrellaM,  or  Bally- 
macarbery. 

Ballynamult— jSt/nTMii  (P)  or  Devo^ 
nian{f) 

»> 

82 

KiUilton  (Lady*8CoTe). 

Stradbally— (Mbc^VM. 

f» 

24 

Kilminnin. 
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Govimss. 

ill 

LooALxnu. 

BBMARKfi. 

Waterford. 

17 

BaUykinflella. 

Westmeath. 

Traces  of  copper  and  lead  in  places. 
(Lewit.) 

Wexford. 

46 

St.  TezLants. 

Duncormick — Carbonifiroui  SandHcm. 

»f 

41& 
42 
42 

FortH  Mountain. 

Wexford— CtemMtffi.— Also  Bulphnr  ore. 

»» 

Kerlogue. 

Wexford— CarJoffi/W^Mw.  —  Malachite. 

»> 

19 

Cairn. 

Enniflcorthy — OrtUmeian. — Silver-lead, 
line,  iron,  and  Bulphur  ore :  worked 
for  the  lead. 

Wicklow. 

8 

Bray  Head. 

BTtLj—Cambrian. 

12 

&v. 

7 

&c. 

Louee  Mountain. 
Fowerseourt. 

Enniakerry  —  Near    the    junction   of 
Oranyte  and  Mica  tehitt  (Oriovician). 
— Lead  also. 

ft 

12 
17 

Lough  Toy, 
Lough  Dan, 

Togher,    or   Roundwood— Junction  of 
Granyte  and  Mica  tehiai.—With  lead 
and  zinc. 

26 
25 

AMhford. 
Ballymaeahara, 

Ballinalea — Ordovician. 

»» 

22& 
28 

Rathdrum— Junction  of    Oranyte  and  I 
Miea  sehitt— In  the  lead  mines  a  little 

Camenabologue,    and   Ballinacairig, 
Lower.— -&«  Lead  Liet.                        j 

28 
84 
89 

Aghayannagh. 
Aughrim,  Lower. 
MoneyUigue. 

Aughrim — Metamorphie  Ordovidan  {:) 
Ancient  mine  at  Moneyteigue. 

1 

" 

88 

Tinnaliely. 

North  of  .  .  -—Ordovieian.—lroo.  ochn-  | 
and  malachite. 

»» 
ft 

89 
89 
89 
89 

Ballinagore. 
Ballinvalley. 
BaUyecog. 
BallinatiUoge, 

Woodenbridge,    Cartsfoet    Mimbb— 
Metamorphie  Ordovician. — ^With  iron  ! 
and  sulphur  ore.                                    , 

»t 

i 

40 
86  & 
40 
86 
86 

Knoeknamohill. 
Ballinapark. 

KilUagh. 

Southwest    Ovoca,  or  Enocej^amo- 
HiLL,  MiNBS — Metamorphie  Ordovi- 
eian. — Old  mines  worked  for  iron ;  the 
copper  and  sulphur  ore  worked  a  little. 
The  prospects  at  Eilleagh  are  bad ; 
also  those  in^the  north  portion  oi 
Ballymoneen. )                                     j 
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COBNTIBS. 

Localities. 

BsiLA&KB. 

Wicklow. 

85 

Ballymurtagh, 

West  Otoca,  or  Balltmubtaoh,  Mines 

1        ») 

85 

Ballygahan,  Upper, 

f» 

85 

„            Lower, 

mines  were  worked  for  copper,  std- 

9» 

85 

Tinnahinch. 

pliur  ore  and  iron.  The  prospects  at 
Eilcashel  and  Knockanode  not  good. 

»f 

35 

Kilqueeny. 

1          » 

85 

Kileaehel, 

At  Tinnahinch  and  Kilqueeny  no 
trials  have  as  yet  been  made. 

» 

85 

Knockanode. 

» 

85 

Tigroney. 

East  Oyooa,  or  CEomiBAirB,  Mnnv— 

» 

35 

Cronebane. 

Metamorphic    Ori/oW^fi.  —  Worked 

>» 

35 

Caatlehoward, 

principally  for  sulphur  ore,  copper, 
iron,  and  ochre;   at  East  Cronebane 

If 

35 

Avondale  (Meetings). 

>> 

85 

Shroughmore. 

f  Magpie),  Connarv,  and  Kilmacoo  also 
zor  lead.    At  the  latter  mines  there  is 

9} 

35 

Connary,  Upper. 

»> 

35 

Kilmacoo, 

See  Lead  list. 

y> 

85 

KUmaerea, 

»» 

86 

Templelyon. 

Associated  with  sulphiir  and  iron  ores. 

If 

85 

Bedlykean. 

Some  good  looking  *<tambler8"  of 
copper  picked  up  at  Ballykean. 

» 

80  & 

BallyeappU. 

Wicklow,  Balltoapplb  Mnrsfr— Jf^^o- 

81 

morphie  Ordovunan.^Worked  about 

« 

81 

Ballard. 

150  years  ago  for  iron  ore,  which  is  a 
back  to  copper  and  sulphur  ore. 

SULPHUB  AND  (K>SSANS. 

[Sulphur  occurs  native,  as  concretions  in  the  Carboniferous  Limestone,  in  the  counties  o 
Galway,  Ma^o,  and  Wexford ;  but  the  principal  Irish  ore  from  which  it  is  obtainec 
is  the  sulphide  of  iron  (pyrite) :  but  in  the  Co.  Galway  pyrrhotite,  or  magnetii 
pyrites,  is  found,  and  has  also  been  mine<l.  These  ores  usually  contaui  some  uniti 
of  copper  {ehalcopyrite) :  the  more  of  the  latter  present,  the  greater  the  value  of  th< 
ore ;  as  after  the  sulphur  is  obtained  copper  can  be  abstracted  from  the  ash.  Som< 
of  the  pyrrhotites  are  nickeliferous.  Some  conspicuous  gossans  and  strong  chalybeati 
springs  will  be  included  in  this  list;  in  some  cases  they  may  only  indicate  Uii 
presence  of  iron,  yet  in  man^  cases  they  come  from  pyrite  yeins.  The  localitiei 
where  the  quantity  of  pyrite  is  small  and  yalueless  are  not  giyen.] 


Localities. 

Cayan. 
1        » 

4&6 
5 

Legnagroye. 
Dowra. 

District  of  Glen,  Natiye  sulphur  (P) 
(Given  in  Lewie,  but  not  of  late  yeare 
verified,) 

Clare. 

1 

1 

26 

Ballyveryin. 

TuIlar-Cisr^t/drow.— Sulphur,  lead, 
and  copper. 

1 

86  & 
44 

Shannaknoek, 

Broadford—-Ori09iM«ff.— Coppery  sul- 
phur. 
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GOUHTIBS. 


LoCALinBS. 


Rbka&ks. 


0«rk. 


Donegal. 


Down. 


Gal  way. 


107 

& 

108 
67 

146 


90 


16 


Dememe. 

FoTer  Hospital. 
Eilcroluuie. 


Carrowmof^  or  GUn- 
toghtr. 


66  &  Scraig'B  MoontaiiL 
67 


fl7 


86  & 

86 


86 


84 

84 

S8& 

36 


Carlan. 


Ooldram    and     Caah- 
eleenan. 


Ballvacanlan      (Fem 
HiU). 

Fyoonanagli. 


Spa  Cottage. 
St.  John's  Point. 


Usnaaliggann. 

Tanvally. 

FinnisViidgo. 


Danmanway — Devonian  (P) — Said  to  be 
mundic,  or  poor  ore. 

Toughal— D^vofiwm  (?) — Strong  spa. 

CrooUiayen  —  Devonian.  —  Thick  lode 
sulphur  ore  with  copper. 

Camdonagh — Ordevieiany  or  Camhrian. 
Sulphur,  silyer-lead,  and  zinc. 

Dunfanaghy — Oambriany  at  Ordovieian. 
Sulphur,  copper,  lead,  and  iron.  The 
lode  was  principally  worked  for  the 
lead. 

Fintown — Ordovieian^  or  Cambrian, — 
Sulphur,  lead,  and  sine. 

Carrowkeel — Ordovieian, — ^Very  strong, 
large,  reddish  spas. 


Kflmacrenan — Ordovieian  (?)—^.  10  W. 
lode,  3  feet  wide ;  in  part  flucan,  and 
in  part  quartz,  with  coppery  sulphur 
ore ;  underlying  eastwaid  at  75*^.  Also 
a  N.  20  E.  quartz  lode,  with  coppery 
stains  and  strong  coppery  spa. 

Millford — Ordovieian. — A  nearly  N.  and 
S.  line  of  strong  spas. 

Letterkenny  —  Cambrian  (P)  —  Strong, 
reddish  spas  in  the  glen  at  the  north- 
western boundary  of  the  townland. 

NoTB. — ^In  the  metamorphio  rooks  (Ordb- 
vieian^  orCambrian)  there  an  numerous 
spa  springs;  some  are  solely  due  to 
the  leaching  of  the  iron  (earhtmate  F) 
out  of  the  rocks ;  but  when  in  lines 
along  a  Une  of  break,  or  dyke,  they 
may  possibly  point  to  mineral  lodes. 

Ballynahinch— Ofitofinan. — ^Iraa  spa. 

Killough — Ordovieian. — Sulphur  and 
copper. 

Banbiidge — Ordovieian, — Iron  spas. 


NoTB. — For  sulphur  ore  in  the  Co. 
Galway  Carboniferous  limestone  ee* 
Lead  and  Copper  liete. 
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GOUXTIBS. 

« 

Localities. 

BSKAKKB. 

Galway. 

54 

Eighterard. 

i» 

54 

Carrowmanagh. 

—Concretions  of  natiye  sulphur. 

»t 

54 

Fough. 

t> 

40 

BaUygally. 

Oof^htenTir^Metamorphie  Cambrian^  or 
Ordovieian.  —  At    Den-eennagusfore 

99 

40 

Gowlaun. 

>l 

40 

Oortnashingaun. 

the  ore  is  magnetic  pyrites  (pyrrlM- 

»» 

40 

Farrayann. 

titeY.  In  some  of  the  copper  mines 
in  this  district  there  are  considerable 

.» 

40 

DrumTninnakiU* 

»t 

40 

NewviUage, 

quantities  of  sulphur  ore. — See  Lead 

l» 

04 

Derryeighter. 

and  Copper  liete^  and  Geological  Survey 

f> 

53 

I.eam  East. 

Mem.  Ex.  Sheett  93,  94,  95,  and  106. 

)» 

53 

Letterfore. 

The  mine  at  BaUygally  was  one  of 

yy 

89 

Ourrane. 

the  first  opened ;  it  was  worked  by 

f» 

89 

Nimmo. 

f» 

89 

Denry, 

n 

94 

Galway  Dock. 

Qelwhj-^Ordovician. 

9t 

90 

Maunum. 

»9 

90 

Teeranea. 

sulphur  ore. 

Galway. 

27 

Aahford. 

Coug—Carboniferoui. 

»» 

40 

Dooms. 

f,       Ordovieian. 

91 

89 

J>ouffhta. 

Maum    Bridge  —  MeUmorphic    Cam- 

»» 

89 

Maumwee. 

brians  (?)— At  Maumean,  Lackayrea, 

89 

Laekavrea. 

and  Maumwee  the  ore  is  coppery 
pyrrhotite,  in  pait  slightly  nickle- 
iferous. 

99 

88 

Maumean. 

99 

88 

TeemakiU,  South. 

25 

Cur. 

»> 

25 

Teemakill,  North. 

>» 

10  ft 
28 
9& 
10 

DawTOsmore. 

Clifden— Jr«tomMyAM  (kmhian  (?) 

>» 

Cloonlooaun. 

99 

9 

Cashleen. 

99 

21 

High  Island. 

22 

Boolard. 

♦♦ 

85 

Diimmeen. 

99 

24 

Kylemore. 
Gleninagh. 

99 

24 

Ore  is  pyrrhotite.    A  littie  west  of 

Liiiifirick. 

__ 

_ 

Kon.— For  sulphur  ores  tee  liete  of  the 
Ch,  Zimerick  Lead  and  Copper  minee. 

Mayo. 

86 

Louisburgh. 

Vicinity  of  .  .  — ^tftiruwi.— CJoppery 
sulphur. 
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GotJKTIBB. 

ill 

Localities. 

Remarks. 

Mayo. 

66 

AohiU  Island. 

Mob^nny    (Clew    Ba,f)—Meiamorphic 

»» 

85 
66  ft 

Clare  Island. 

Ordovieian  (P) — Coppery  sulpbur. 

>f 

Ourraun  AehiU  (Gabna- 

76 

binniaBay). 

♦  f 

114 

Bojin  IthHd. 

Coppery. 

>t 

m 

Ballycurrin. 
Gortbraok. 

Headfoid—  Carb<m%feroua,  —  Sulphur 

)> 

121 

and  lead. 

Note.— For  sulpbur  ore  in  tbe  Mayo 

Lead  and  Copper  Mines,  m#  Lead  and 

Copper  liets. 

Tipperary. 

At  Lackamore  mine,  near  Newport,  and 
in  different  places  in  Silyermines, 
there  is  sulphur  ore  associated  with 
the  lead,  &c.  In  the  latter  (Cloona- 
nagh)  there  is  a  great  *<ramp''  of 

Copper. 

Tyroiio* 

46 

Agbafad. 

Pomeroy—fi't/tiHan.— Coppery  gossans; 

>> 

46 

none  of  the  lodes  proved. — See  Copper 

»» 

46 
46 

Lurganeden. 
Glenbeg. 

list.  In  the  country  hereabouts,  and 
to  the  westward  in  the  large  tract  of 
Silurian  rocks  of  the  Zotcer  Devonian 
type,  are  many  good-looking  indica- 
tions of  minerals. 

Wexford. 

86 

Bree. 

Enniscorthy — Ordomcian. — ^Mundie. 
Note. — The  iron  ore  at  Ballybrennan 

{see  Iron  list)  may  possibly  be  the 

back  of  a  sulphur  ore  lode. 

Wicklow. 

80& 

Balltcappbl  Mines. 

The  principal  minerals  in  these  mining 
setts,  all  of  which  lie  in  the  mineral 

81 

»> 

36 

EILMA.CREA                „ 

channel  of  the    Ovoca   valley,    are 

)f 

86 

East  Otoca         ,, 

coppery  sulphur  ores.     Some  of  the 

ff 

35 

West  Ovooa        „ 

best  of  these,  however  (in  old  times), 
were  worked  solely  for  the  copper  in 

*> 

39  & 

South-Wbst    Ovoca 

40 

Mines. 

them.— /S^^  Copper  list. 

*> 

89 

Gartsfoet  Mines. 
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BABTTES. 

[Only  the  localities  where  the  ore  is  known  to  be  in  quantity  are  giTen.] 


CorRTIBS. 

JB 

LOCALITIBS. 

Coifc. 

118 
118 
& 
119 
140 

Jkrryginagh. 

—With  a  little  copper. 

n 

BalfyeummUk. 

nian. — ^The  ore  in  one  lode  is  so  mixed 
with  copper  ore  that  both  are  yalue- 
less. 

188 

Mount  Gabriel. 

—A  little  copper. 

»> 

148 

Little  Island. 

Boecarberry—- Ftfttoiff  Sanditon$f  or  IV- 
vonum.— Some  copper. 

Dovn. 

89 

Gun's  Island. 

AxdghMB^Ord<meian.-'Wi^  lead  and 

copper. 

»» 

61  & 
64 

Dromore. 

lead. 

;  " 

46 

RathmuUen. 

Killough— Orifcf^«j»«».—With  lead. 

»> 
»f 

64 
64 
64 

26 

Canrawer. 
Gnggins. 

OugbteTej:d—Metamorphic  Ordovieian, 
or  Cambrian. — ^With  copper  and  sul- 
phur ore.    Giiggins  is  in  the  Maum 

Valley. 

» 

48 

Bminaconeen. 

Headford— CSir^ty«w«f. 

/ 

limerick. 

86 

Oolahill. 

copper. 

1 

Londonderry. 

40 

Cayanreagh. 

sandstone. 

Mooaghan. 

»» 

86 
86 

Carrickaganran. 
Comalough. 

Castleblaney  —  OrifoviHan.  —  With 
silyer-lead. 

»i 

14 

Ccolartragh, 

Monaghan-— Orifoi^u^n.— With  nlyer- 
leadand  lino. 

SUgoL 

8&9 

Moontain). 

Sligo— Cbr^oni/irotM.— With  some  cop- 
per and  lead. 

Vexfoid. 
» 

43 
43 

Killfliie. 
South  Intake. 

Wexford— CiirJ<m»>vii#.— With  lead. 

1. 

Viddow. 

88 

Barmwrt. 

Glbnicalurb     Mnr  m,     Bathdmm  — 
GranyU   and    Mica   mAw<.— With 
lead  and  line :  very  pore. 

■ 
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IBON. 

[The  Irish  iron  ores  occur  in  bedded  masses  and  in  yeins.  In  the  recent  accnmnlations, 
principally  the  alluvium  and  bog,  iron  occurs  yeiy  frequently,  often  associated  with 
manganese  { Wad)  as  boff^iron-ore.  In  the  Gainozoic  rocks  of  Antrim  and  Derry  are 
allied  ores  known  in  the  trade  as  the  *' Belfast  Aluminous  Ore,"  which  occur  as 
bedded  masses  in  the  Eocene  (P)  Dolerytes.  In  the  rocks  of  the  Carboniferous  period  are 
clayey  chalybites,  as  nodules  and  layers  in  the  Calp  and  Coal  Measures,  while  in  the 
purer  limestones  of  the  same  period,  and  the  older  Devonian,  Ordovician,  and  Cambrian 
rocks,  are  regpilar  veins  and  bunches  of  hematite,  limonite,  and  chalybite.  Some  of 
the  iron  ores,  however,  in  these  older  rocks,  seem  in  part  to  be  bedded  or  to  partake  of 
the  nature  of  the  veins  known  as  lay  in  hj/,  that  is,  they  underlie  in  the  bedding  of 
the  associated  rooks.  Some,  however,  seem,  and  may  be,  more  intimately  connected 
with  the  associated  strata,  as  a  portion  of  a  bed  or  beds  may  have  been  ferriferous, 
thus  fonning  a  bedded  *<  bunch  of  ore." 

The  localities  where  "  bog-iroh-ore"  occur  are  so  numerous,  that  it  would  be  impossible  to 
enumerate  them,  but  when  particularly  conspicuous  they  will  be  referred  to.  During 
the  smelting  operation  in  the  16th  and  17th  centuries,  when  the  Irish  iron  industry 
appears  to  have  been  at  its  height,  these  bog  ores  seem  to  have  been  extensively 
worked  to  mix  with  the  other  ores.  At  the  present  time  a  peaty  variety  is  at  times 
extensively  exported  to  England  and  Scotland,  principally  from  Donegal,  to  be  used 
for  the  purification  of  gas  and  other  purposes.  In  general,  it  is  found  as  layers  in 
the  peat,  and  may  be  from  blackish  to  a  dirty  white  in  colour,  but  more  often  it  is  of 
a  pale  yellowish  green ;  these,  when  exposed  to  the  air,  rapidly  oxidize,  changing  in 
uolour  to  yellow  or  reddish  yellow.  The  bog-iron-ore  is  employed  by  gas  manufac- 
turers to  purify  the  gas  from  sulphuretted  hydrogen.  In  the  process  the  ore  becomes 
charged  with  sulphur,  thereby  becoming  very  valuable  for  the  production  of  pure 
sulphuric  acid.  The  residue  (brown  oehre),  is  also  valuable,  being  sold  for  the  manu- 
facture of  paint. 

It  appears  remarkable,  that  the  older  deposits,  especially  in  the  alluvium,  are  of  much 
greater  magnitude  than  any  that  are  now  accumulating.  This  possibly  may  be  due 
to  the  older  masses  being,  in  a  great  measure,  the  leaching  from  the  surface  rocks ; 
which  leaching  process,  being  now  long  since  accomplished,  the  present  depositions 
have  to  depend  solely  on  the  iron  brought  up  in  springs  from  more  or  less  deep- 
seated  rocks]. 
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BEDDED  IBON  OBES. 

[Thine  aze  arranged  in  gronps,  beginning  with  the  younger  formation,  which  neodssitatea 
the  oountiea  not  being  arranged  in  alphabetical  order.] 

EOCEHE  (?) 


!  ConmBs. 

III 

LOCALITIBS. 

iatriffl. 

Enockbaj. 

»f 

— 

Ballylig. 

lenticular  bedded  masses  in  the  dole* 

„ 

— 

Broughshane. 

ryte ;  apparently  on  different  geologi- 
cal horizons :  the  better  and  richer 

)y 

— 

Glenrayel. 

n 



Cargan. 

beds  being  higher  than  the  others. 

t» 

— 

Newtown  Grcmmelin. 

Associated  with  lithomarge  (ferriferous 

n 

— 

Glenariff. 

clay),  bole  (a  poor  clayey  iron  ore), 
alumifte  (alum  clay),  and  lignyU — (sm 

»» 

— 

Camlough. 

)> 

— 

Glenarm. 

Alum  and  Copperat  lUt),  The  best  de- 

M 

— 

KillymuniBh. 

>f 

— 

Shanehill. 

eastem  and  northern  portions  of  the 

M 

— 

Lame,  west  of. 

coimtv.  The  iron  ores  proper  con- 
sist of  the  First,  or  pUolitic  ore,  and 

»» 

— 

Island  Magee. 

»» 

— 

Ballypakdy. 
Port  Moon. 

the  Second,  or  aluminas  ore  ;  but  in 

n 

— 

some  cases  in  the  underlying  litho- 

ft 

— 

RathJin  Islan.l. 

marge  are  lenticular  masses  of  bole  of 

M 

— 

Kellygar. 

a  quality  equal  to  the  "  Second  ora" 
records  of  a  bore-hole,  the  Iron  Ore 

}} 

— 

Swanstown. 

fl 

— 

TuUy. 

n 

— 

Kinboe. 

Measure  rested  on  White  Limestone, 

ft 



Ciillaleen. 

as  at  Craig-na-Shoke,  Co.  London- 

»i 

— 

Fhaiifl. 

derry. 

LoBdoDderTy. 

35 

Craig-na-shoke. 

Ztwontfo.  — Two   miles   N.  N.  E.    of 

n 

85 

Moydamlaght. 

Moneyeany  there  is  a  bed  at  the 

n 

S5 

Bohilbreaga  (Dunmur- 

base  of  the  Eocene  dolerytes,  asso- 

ray). 

ciated  with  lignyte  and  the    basal 

n 

41 

Slme-  OtuiioH'Carn, 

Chalk  {WhxU  JAmettone)  conglome- 
rate. There  is  a  tradition  that 
Rennie,  about  1600,  worked  a  simi- 
kr  ore  on  Slieve-Gallion-Cam,  but 

none  of  the  ore  can  now  be  seen. 

GOAL  KEASUBES   (Oarboniferons). 


COOKTUM. 

LocauTXSs. 

BnCABXB. 

i 

'Cirlow. 

Lbhtbtbh    AMD    East 

Layers  of  nodules  and  thin  seam  of 

Ukomy. 



MVNSTSE             COAL- 

e/ay-irofi  eiw  on  different  horizons. 

Qneea'sCo. 



FIBLD8. 

The  most  productiye  beds  occur  a 

%«»y. 

i 

1 

little  below  the  lowest  coal  {QaU 
JSUl,  or  Cullenagh,  wa/),  and  were 
extensively  worked  in  the  Queen's 
Coimty  in  the  16th  and  17th  centuries. 
These  ores  were  used  at  the  furnace 
near  Mountrath  (Coote's)  to  mix  with 
Bog  and  Carbonifexoua  citw.^{See 
County  History,) 
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COITNTIBS. 


Localities. 


Bemabks. 


Cork. 
Kerry. 
Limerick. 
Clare. 


West  Munbteb  Coal- 
fields. 


Mayo. 


Bligo. 

Roscommon. 
Leitrim. 
Fermanagh. 


Slieyecama. 


CoNVAuoHT      Coal- 
field. 


Tyix)ne. 


46 
47 
46& 
47 
89 


Brumglasa  (Dungannon) 

Annagher. 

Ooalitland. 

Annaghone       (TuUa- 
hogue). 


Layers  and  nodules  of  clay -iron  stone  : 
principally  associated  with  the  lower 
coals — they  were  worked  very  ex- 
tensively in  the  16th  and  17th  centu- 
ries in  the  counties  Limerick  and 
Clare  adjoining  the  Shannon.  Iron 
ore  was  smelted  at  Glin,  Loghill,  &c. ; 
but  a  portion  of  the  ore  seems  to 
have  been  sent  iip  the  Shannon,  to 
the  furnaces  on  Lough  Deig,  to  be 
mixed  wil^  Bog  and  Ordovician  ores. 
— (See  County  Mistory,) 

The  hills'northward  of  Balla.— Clay- 
iron  stone  associated  with  the  lowest 
coaX.—{See  County  Eietory.) 

This  field,  although  in  general  called 
after  the  province^of  Connau^ht,  lies 
nearly  equally  in  the  province  of 
Ulster.  The  iron-producing  measures 
are  in  the  Middle  Coal  Measures, 
and  considerably  below  the  geological 
horizon,  in  which  the  more  profit- 
able beds  are  found  in  Leinster  and 
Munster.  The  iron  {clay-iron  stone) 
was  extensively  smelted  formerly, 
and  apparently  at  a  later  date  than 
in  the  southern  province — ^the  fires 
having  been  put  out  when  the  wood- 
fuel  was  exhausted.  In  the  Co.  Fer- 
managh, at  the  foot  of  the  Cuilcagh 
mountains,  there  were  extensive  ex- 
cavations, furnaces,  and  mills;  also 
in  the  Co.  Leitrim — the  last  fire,  at 
Drumshambo,  having  been  put  out 
in  A.D.  1765.  In  the  Co.  Boscom- 
mon  the  three  brothers  0*Beilly  first 
attempted  in  Ireland  to  smelt  iron 
with  coal :  they,  in  1788,  establish- 
ing the  Arigna  Iron  Works,  and 
opened  coal  pits — ^the  adventure,  by 
them  and  others,  being  carried  on 
till  1808.  Since  then  others  have 
tried.  FuU  particulars  of  the  more 
recent  works  are  given  hereafter  in 
the  County  History, 

Tyrone  Coal-pteld. — These  are  more 
or  less  detached.  In  none  of  them 
has  much  elay-iron  stone  been  re- 
corded. This  possibly  may  be  due 
to  the  measures — which  in  Connaught 
and  elsewhere  have  produced  most 
ore — ^being  in  this  country  more  or  less 
covered  up  by  deep  drift,  and  con- 
sequently not  explored. 
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OAIjP    (Oarbonlferotui). 


Counties. 

LoCALinBS. 

Bbmabks. 

Antrim. 

Balltcastlb       Coal- 

Clay^iron SUme.^Worked  in  ancient 

field. 

times  with  the  coal ;  alao  in  the 
beginning  of  the  eighteenth  century, 
the  ore  having  been  smelted  at  Bally- 
castle  by  Mr.   Boyd.— (iS^    Qfuntp 

Dublin. 

6&8 

Baldongan  Hill. 

Skerries—Poor  Clay-iron  sUm$. 

97 

8 

Donabate. 

Londonderry. 

41 

Brumard, 

Draperstown— CZay-tfWi    Stone,— 

>y 

41 

Mortneal, 

Worked  principally  in  Drumard,  by 
Bennie,  about  1600,  and  "smelted  at 

yf 

41 

Braekaghlislea, 

the  Drumlamph  Inm  Works."  At 
the  Moyola  Eiver,  in  the  south  part 

of  Drumconready,  there  are  the  ruins 

of  an  old  furnace. 

Mayo. 

29& 

Croeemolina. 

Barony    of    ETnB—Carboniforou»{?)— 

38 

The  exact  position  where  the  iron 

yi 

9& 

Tftllagh. 

10 

Shaen's  furnace  near  the  Mullet,  and 
Mr.  Butledge's,  on  theBirer  Deel,  is 
now  uncertain ;  but  it  would  appear 
as  if  the  ore  was  procured,  in  part 
at  least,  from  the  Calpy  limestone 
(elay-iron  ttone).    Butledge  was  the 

last  to   work,  his    fires   oeing  put 

out  for  want  of  fuel.— (i^M  County 

Miftory.) 

T}ione. 

29  & 

Eildress. 

Cookstown — Zimonite  and  ffematite. — 

38 

the  Barrow  Hematite  Company ;  but 
the  works  were  stopped  on  account 
of  the  low  prices  for  iron. 

y> 

_ 

Dkumquin  Cali'  Aeea. 

Oma^— Nodular bedsof  Clay-iron stone, 
—Here,  as  near   Draperstown  and 

Cookstown,  there  are  rocks  belonging 
to  the  Ulster  **  calp  type,"  in  wiich 

the  day-iron  stone  is  of  a  fair  charac- 
ter. 

Wexford. 

49 

Woarway  Bay. 

Hook  Promontory,  Fethard— Poor  Clay- 
iron  atone, — The  ore  is  of  a  quality 

like  that  near  Donabate,  Co.  Dublin. 

The  associated  rocks  are  also  some- 

what similar,  but  they  rest  on  Car- 

boniferous conglomerate  (Upper  Old 
Red  Sandstone) ;  in  this  locality  they 
are  probably  a  Uttoral  accumulation. 
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[The  mode  of  oecvrmee  of  some  of  the  ores  in  ^his  list  is  not  as  troe  ireins ;  yet  at  the 
same  time  they  are  not  in  tine  heds.  like  the  ores  of  the  Eocene  and  Coal 
Measures,  they  are  i^paientlj  of  a  secondary  formation,  a  part  of  a  bed  or 
heds  heccRDing  fsniferons,  the  ore  being  found  in  an  irregular  "  bunch*'  or  '* shoot  '* 
that  underlies  with  the  stialificatian  of  the  aseociated  rocks.  This  is  espe- 
eially  the  caie  with  some  of  the  ores  in  the  Ordoridan  rocks  which  have  been  de- 
seribed  as  *'  beds  of  ore.*'  The  localities  of  some  of  the  ancient  iron  mines  are  now 
qoite  unknown,  while  the  exact  sites  of  others  a^e  uncertain.  In  the  latter  cases 
the  places  in  the  neighbourhood  of  which  the  mines  were  probably  situated  will 
be  mentioned.    The  localities  are  arranged  in  counties.] 


CorKTus. 


L0GALITIB8. 


Bbmabks. 


Gayan. 


Clare. 


16 


19  & 
27 


Claragh. 


Glendree. 


4S&   Batty  keUy. 


28, 

ftc. 


Cork. 


198 


Knoekinaffhta, 


BaUffmaUme, 
BealkeOy, 


Bear  Island. 


Bedhin — OriotidoH. — Ochre  and  limo- 
nite(?)  The  Teins  lie  with  the 
bedding  of  the  rocks  :  ores  worked 
in  1875. 

Fe  akle  —  Ordotician  Limonite  (?)  — 
Worked  prior  to  1700.  The  adit  of 
the  ancient  mine  is  still  to  be  seen ; 
but  the  exact  position  or  nature  of 
the  lode  is  unknown.  Tradition  says 
that  the  ore  was  smelted  at  the  pre- 
sent village  of  Furnace,  a  few  miles 
eastward  of  Feakle.  One  mile  N.£. 
of  Feakle  church  are  old  bumw9^ 
where  there  is  said  to  haye  been  an 
"iron  mine."  The  exact  position 
of  the  lode  is  uncertain,  without 
explorations. 

Broadford — Ordov%ei4m, 


Sixmilebridge  —  Ordovieian. — ^Hematite 
and  limonite,  with  Graphite. 

Tomgraney —  Ordovieian.  —  Limonite. 
Worked  rather  extensiyely  in  the 
16th(?)  and  17th  centuries,  princi- 
pally for  the  furnaces  along  the  shore 
of  Lough  Derg  between  Mt.  Shannon 
and  Woodford,  where  it  was  mixed 
with  bog-iron-ore  raised  in  that 
country,  and  **ore  brought  up  the 
Bbannon,''  probably  from  the  Coal 
Measures,  counties  Limerick,  Kerry, 
and  Clare. 

Bearhayen,  or  Castletown — Carbonife- 
rous Slate, — A  well-marked  ydn  of 
hematite,  associated  with  micaceous 
iron  ore. 
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COUHTIB8. 


Remarks. 


Cork. 


142 
148 
148 


118 

(?) 


Aghatuhrid, 
Roury  Olen. 
Boucarhery^ 


Goomhola, 


Cork. 


Aghadown. 
Araglin, 


117 


Donegal. 


16 


36 


JSootka. 


W$hhtown. 


Marfagh, 


Skreen,  Lower. 


Koflscarbery — Yeiloto  Srudstone,  or  i)e- 
vonian. —  Limonite  associated  with 
manganese,  the  latter  being  in 
ebrinkage  fissures  in  the  iron  ore. 
The  iron  ore  seems  to  occur  aa  the 
back  of  a  copper  lode. 

Glengariff  —  Garhonifsroua  ISlate  (f )  or 
Tsllow  Sandstone  (P) — ^A  mine  is  re- 
corded in  this  locality  by  Smith,  in 
his  history  of  Cork,  1760.  Worked 
by  the  Whites,  who  had  a  furnace 
in  the  yicinity. 

Eoaring-water  Bay  and  Tallow  Brid^. — 
These  localities  are  also  mentioned 
by  Smith,  the  first  being  worked  by 
the  Whites,  the  second  by  the  Earls 
of  Cork.  According  to  Smith,  1760, 
iron  was  smelted  by  the  Whites  at 
Coomhola  and  Agbadown,  and  by 
Lord  Cork  at  Araglin,  "  near  the 
eastern  extremity  of  the  county;" 
while  Gerrard  Boate  (1662)  states  the 
iron  was  smelted  at  Tallow  Bridge. 
A  few  miles  eastward  of  the  latter,  at 
Salter's  Bridge,  in  the  Co.  Waterf  ord, 
are  the  remains  of  old  iron  works, 
said  to  haye  been  worked  in  the  17th 
century. — See  Drufnelig,  Co.  Water- 
ford,  The  sites  of  the  mines  near 
Boaring-water  Bay  and  Araglin  are 
now  unknown,  but  they  were  pro- 
bably in  the  Yellow  Sandstone^  or 
Devonian,  rocks  of  the  yicinities. 

Bantry— Cardwt/Totw  Slate. — Chaly- 
beate {earhonttte  a/iron),  with  lead  and 
copper :  worked  for  the  lead. 


Ballybof ey—  Ordovieian,  —With  lead : 
the  mine  worked  for  the  latter. 


Dunfanaghy — Ordovieian  {?)  or  Cam- 
brioft  (?)— With  lead,  copper,  and 
sulphur  ore:  the  mine  worked,  princi- 
pally for  the  lead. 

Milford — Ordovieian{?) — ^Limonite.  In 
a  mass  of  schist  caught  up  in  an 
intrude  of  whinstone.  In  me  yici- 
nity  is  a  Quantity  of  slag,  as  if 
smelting  haa  formerly  taken  place. 
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C0UMTIB8. 

in 

L0CALITIB8. 

Bbmabxs. 

Donegal. 

63 

Meenreagh. 

1 

Letterkenny  —  Cambrian  (?)  —  Impure  | 

chalybeate;  appears  to  be  more  or  less  . 

in  bedded  masses  in  the  associated  | 

rocks.                                                   , 

Note. — As  has  been  pointed  out  by  1 

ancient  bloomeries  and  forges,  used 
in  the  smelting  of  iron  prior  to  the 
woods  of  the  country  having  been  , 
used  up,  are  found  in  different  places  ; 
scattered  oyer  the  County.                    ' 

Down. 

85 

Beehomnud, 

Banbrid^e —  Ordovieian. — Hematite. 
This  vem  has  only  been  discovered 
about  ten  years.    The  ore  appears  to 

be  of  a  good  quality;  but  on  account 

of  the  depression  in  trade  it  has  not 

been  worked. 

>> 

28 

Spa  Cottage. 

Ballynahinch— Orrfwiofln. 

if 

98 

Sliere  Croob. 

Dromara — Ordovieian,  (?) — In  this  tract  ' 

&c. 

of  mountains,  Griffith  records  iron  in  ' 
the  townlands  of  Begny,  Gransha, 
Leganany,  Moneybane,  &c,                  i 

» 

14 

Carnreagh. 

Hillsborough — Ordocieian, 

Dublin. 

9 

Lambay  Island. 

Skerries — Intrusive  Rocka, — Blocks  of  ' 
hematite  recorded  by  Du  Noyer,  as 
occurring  a  little  S.W.  of  Raven's  ; 

Well,  near  Bishop's  Bay.    Supposed 

to  be  from  the  back  of  a  copper  lode. 

Fermanagh. 

9 

Rossbeg  (Castle  Cald- 

Belleek— Carboniferoua  (?) — Limonito. 

well). 

Supposed  to  be  the  back  of  a  copper 
lode.      At  Magherameragh  a  little  ' 
copper  was  raised  by  the  late  Mr. 

Galway. 

89 

Drununauv  (Doon). 

Maum    Bridge — Jfeiamorphie    Ordoti- 
dan. — Hematite  (?);  with  manganesp. 

copper,  and  lead  :  worked  for  the  lead. 

GiJway.* 

86 

Derreen. 

QXii^eTL  —  OrdovieioLi. — Limonite   in 
limestone. 

*  In  the  west  of  this  county  iron  ore  veins  are  not  recorded ;  but  in  olden  times  ore  was 
■melted  in  nlaoes,  such  as  Lough-na-Fumace^  Screeb,  and  in  other  places  on  Galway  Bay  or 
its  inlet.  In  these  plaoea,  however,  it  may  have  been  bog-iron  ore  that  was  used,  mixed  with 
imported  ore — aa  the  records  inform  ns  that  iron  ore  was  imported  into  places  along  the 
west  coast  to  be  smelted,  on  account  of  the  abundance  of  timber ;  the  old  iron  being  made 
with  wood  diarcoal.  In  the  south-east  of  the  county  there  were  extensive  fumaoes  and 
mills  adjoining  Lough  Derg,  the  last  in  work,  that  of  Woodford,  having  its  fires  put  out 
about  the  year  1750.  The  iron  ores  for  these  furnaces  and  mills  were  procured  in  the 
Tioinity  (%-iivfi  ore)  near  Tomgraney,  Co.  Clare  (limonite)^  and  fiom  the  Lower  Shannon, 
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Counties. 

1i^ 

LOCALZTIBS. 

Remarks. 

Kerry.* 

— 

— 

— 

Kilkenny. 

28 

Grenan. 

fate  {mieacww). 

Lettrim. 

85 

GartinM. 

Drum8na—0»<ftwi(?uin.—IJmonito  raised 
here ;  probably  in  the  16th  or  17th 
century.      When  making  the  rail- 

way  from  Longford  to  Sligo  three 
bed-like  veins  of  slaty  limonite,  bear- 

ing nearly  N.E.  and  8.W.,  heading 

S.£.  at  60''  were  cat.      Subsequently 

they  were  worked,  two  shafts  being 
sunk  for  a  depth  of  thirty  feet  about 

the  year  1870,  by  which  the  ore  was 

proved  to  improve  in  depth.     On  the 

depression  in  the  iron  tnule  the  works 

ceased  {See  County  Eietory). 

limeriek. 

11 

Askeaton. 

Askeaton — Carhoniferoue   Zimeetone, 

n 

Silicioua  Zimonite, — The  ore  at  Kil- 
colman  was  worked  about  the  17th 
century,  and  subsequently  about  the 
years  1870-75. 

Londonderry. 

ai 

Carrick  Mountain. 

Dungiven — Ordovieian  {^ 

M 

99 

GlmrandaU 

Stranagallwilly— Orifopwian.— Mass  of 
Ochre. 

}» 

40& 

2W/y*rkr*(Altiha8key). 

46 

Hematite.  One  of  Rennie's  mines 
(a.d.  1600)  is  said  to  have  been  in 
this  townland,  but  the  site  is  now  un- 
known. 

>l 

46 

Beaghbeg. 

counties  Limerick  and  Clare  (elay-iron  ttone),  Hely  Dulton,  in  his  Statistics,  History 
('O.  Qalway,  1824,  states: — "Iron  ore  was  formerly  raised  in  the  neighbourhood  of 
Woodford,  and  after  being  mixed  with  that  brought  up  the  Shannon  from  Killaloe 
by  a  Mr.  Crossdale,  was  smelted  near  that  village,  part  of  the  estate  of  Sir  John  Burke. 
The  works  were  carried  on  so  extensively,  that  they  devoured  all  the  great  oak  woods 
with  which  that  country  abounded,  and  were  then  abandoned.  Mr.  Berry,  I  understand, 
at  present  raises  ore  on  part  of  Lord  Clanricarde's  estate." 

*  At  the  present  time  there  are  no  records  of  mines  solely  w^ked  for  iron,  but 
along  the  coast-line  are  the  remains  of  different  furnaces.  According  to  tradition  these 
belonged  to  Petty  (ancestor  of  the  Lords  Lansdowne),  who  imported  iron  ore  about  tiie 
year  1600,  to  smelt  it  with  charcoal,  made  in  the  wood  whicn  then  abounded  in  the 
country.  Nennius,  writing  in  the  ninth  century  {Sittoria  Britonum)  mentions  ixt)n  as 
being  worked  in  the  neighbourhood  of  Eillamey  Lakes ;  but  the  site  of  the  old  mine  is  now 
unknown.  The  remains  of  very  ancient  bioomeries  and  furnaces  have  been  found  at 
Killamcy  and  Blackstones  (See  County  Hittory), 

82 
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Conmss. 

-—jr- 

LOCAUTIBB. 

Rkmahka. 

Londonderry. 

40& 
46 

{Unoffh)  SUeve  GaUion 
Cam. 

Moneymore—G^aiiy^tf.— Hematite  in  a 
four-foot  Tein  of  ferriferous  quartz : 
worked  by  Rennie  in  1600,  and  ro- 
oenUy,  about  1875. 

»> 

46 

X^rffon  and  Camdaiijf. 

Moneymore—G^raiiy^*.-— Four-foot  lode, 
being  N.S.S.W.,  and  hading  S.W. 
at  8^ ;  rich  fibrous  hematite  (kidney 
ere),  and  red  oehre:  worked  by 
Bennie,  and  recently. 

f> 

46& 
46 

SUtvmoyU. 

—Hematite  and  barytes :  worked  a 
little  in  1876.  A  narrow,  nearly  ver- 
tical vein,  with  a  north-westerly 
course. 

i> 

46 

Cranny  (Glenview). 

—Hematite  and  barytes.  A  narrow, 
nearly  vertical,  lode,  with  a  nordi- 

1876. 

Longford. 

8 
3 

OUmragK 
Enaghan, 

veins  of  limonite  are  similar  to  those 
at  Gortinee,  Co.  Leitrim;  but  the  ore 
at  Cleenragh  is  of  a  better  quality, 
while  that  at  Enaghan  is  not  as  good. 
Worked  in  the  16th  or  17th  century, 
and  rather  extensively,  by  Dr.  Ritchie 
of  Belfast,  between  1860-70. 

Louth. 

22 

Clogher  Head. 

Clogher— Oriforttftafi.— Limonite. 

Mayo. 

75 

Cairidmahelty. 
Cunaun  Hill. 

Meath. 

2&8 

Corratober. 

About  two  miles  to  the  south-east  of 
Kingscourt  are  numerous  tumblers 
and  fragments  of  hematite.  Source 
not  known ;  possibly  near  at  hand. 

Queen's  Co. 

18  & 
18 
18 

DytaH, 

Maryborough— C«rJow(/»roi«  Zimeatone, 
— Limonito:  worked  extensively  in 
the  16th  and  17th  centuries,  the  ore 
having  been  brought  to  be  smelted  to 
Coote's  furnace,  at  Mountrath. 

SKgo. 

27 

BaUynakill. 

Riveratown—Car^fyj?roi«.— Hematite 
veins  in  the  bedding  lines.  An  ancient 
furnace  dosi j  to  the  mineral  veins. 
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COUNTIM. 

oil            Localities. 

Bemakks. 

1  Sligo. 

21 

Ballintogher. 

Ballysadare.— There  are  old  inm  mines 
recorded  at  Ballintogher.  At  the 
base  of  the  Ox  Mountains  were  very 
extensive  workings ;  while  furnaces 

muck ;  the  fire  having  been  put  out 
in  1768  for  the  want  of  wood-fuel 
(S^e  Countjf  EUtory). 

T^eiary. 

46 

Sootchman'fl  Coom. 

*y 

38 

Gortnahulla. 

In  the  valley  of  the  dodiagh,  Borriso- 

very  old  mine ;  when  and  hj  whom 
worked  is  not  known.    The  iron  ore 

seems  to  be  the  back  of  a  copper  or 
sulphur  ore  lode.  Tradition  savs 
there  was  a  second  mine  to  the  N.E., 

near  Boecrea,  but  the  site  seems  to 

be  now  unknown. 

Tjroiie. 

29 

lAHon. 

limonite,  and  ochre,  with  manganese. 
Worked  in  1600  by  Bennie,  and  sub- 
sequenUy  between  1866  and  75. 

>» 

87 

This  occurs  in  a  mass,  and  appears 
to  be  an  intrude  of  whinstone  highly 

been  worked  as  an  iron  ore,  but  not 
successfully. 

i> 

87 

limehill. 

Pomeroy— G^«iy<».— An  impure  chaly- 
beate in  an  inegukr  vein. 

w  ototfinrd* 

7 

Killflrqmle. 

Canick-on-Suir— Onfowrum.— Hema- 
tite (mxeaceom^inm^on). 

99 

U 

Dr<milig, 

Dungarvan-— Dnwiian,  or  Tdhw  Sand- 

>» 

86 

GraUagh. 

9Um4.  —  Hematite  discovered  and 
worked  by  Walter  Baleigh  about,  or 
a  Uttle  before,  1600.     Subsequentiy 

worked  between  1860  and  1860. 

99 

89 

Min$  Head. 

Ardmorfr— DM^oniofi,  or   TeUow  Sand- 

1 

40 

Ardmore, 

#<oiw.— Limonite.  Probaliy  worked 
in  the  17th  century 
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GOUHTIBS. 


BSMABKS. 


Weilord. 


Wioklow. 


$1     B^Ufhnfmmn, 


SB 


29& 
84 


40 


Ballynaatngh. 
Gouitown  Harbour. 
BaUyinoiiey. 


A^fkowU  UpptT. 


Tiniialiely. 


MueklagK 


M<m&yU%gu$. 

Ballyeoog, 

BailynaHlloffe, 


MoDgaun. 


Enniscorthy — Ordovician. — ^The  work- 
ings here  appear  to  have  been  ancient, 
as  nearly  all  traces  of  them  are 
obliterated. 

Gorey — Ordovician. — ^^ese  accumula- 
tions are  in  part  of  the  nature  of 
beds.  At  and  in  the  neighbourhood 
of  Ballynastragh  portions  of  a  bed  or 
beds  of  purple  slate  are  highly  ferri- 
feroiis  (limonUe).  Near  Courtown 
the  same  ore  occurs  as  strings  or 
veins  in  the  rocks,  while  northward 
of  Ballymoney  Fishery  there  are 
lenticular  beds  of  poor  chalybeate. 

Blessington  (Glenasplinkeen)  —  Meta- 
morphie  Ordovician, — Idmonite,  hema- 
tite, and  manganese ;  worked  a  little. 

Shillelagh — Metamorphic  Ordovician. — 
Limonite.  Some  trial  made  on  the 
vein  about  1875.  Iron  ore  is  said  to] 
have  been  raised  in  this  locality  in 
Bacon's  and  Chamney's  time  (16thj^ 
and  17th  century) ;  but  the  sites  of 
their  works  are  now  iinrecorded. 

North  of .  .  — MeUtmorphic  Ordovician. 
— ^A  ramp  of  limonite  partaking  of 
the  nature  of  bog-iron-ore;  for  the 
most  part  at  the  surface,  or  only  under 
a  thin  drift:  in  places  it  is  copper- 
stained.  No  traces Jof  old  or  recent 
works  in  eonnezion  with  it  are  appa- 
rent 

Rathdrom — ^A  rather  extensive  ferrife- 
rous conglomerate  on  Metamorphic 
Ordovician  (?).  Unsuccessfully  open 
casts  were  made  in  part  of  it  (1875), 
to  try  and  find  its  source. 

Woodenbridge,  Carybfort  Mines  — 
Metamorphic  Ordovician. — Limonite : 
the  backs  of  copper  and  sulphur- 
ore  lodes.  Very  ancient  workin«£ 
appears  to  have  existed  here ;  while 
in  recent  years  some  tons  of  ores 
have  been  raised  at  Moneyteigue. 

Arklow  —  Metamorphic  Ordovician.  — 
A  laree  ferriferous  mass,  somewhat 
like  that  at  Mucklagh.  No  trials 
have  been  made  to  seek  for  itF 
source. 


Digitized  by  LjOOQ IC 


EiXAHAN— 0;^  Irish  Metal  Mining, 


247 


o|c'i 
o-|^ 


40 

35  & 

40 

36 


Localities. 


Ballymoneen. 


36     Ballymurtagh, 


86 


CoBtle  Howard. 
Cronebane. 
Connary. 
Kilmaeoo, 


Templelym. 
Ballycapple, 


30  & 
31 
I  81     Ballard. 


Remarks. 


Knoeknamoh  ill, 
Ballinapark. 


South-west  Ovoca,  or  Kmockna mo- 
hill  Mines — Metamorphie  Ordovi- 
eian. — Limonite :  the  backs  of  copper 
or  sulphur-ore  lodes ;  worked  in  the 
17th  century,  the  ore  being  sent  to 
Ohamnej's  furnaces  at  Ballynaclash, 
Shillelagh,  &c. 

West  Ovoca  Mines  —  Metamorphie 
Ordovician. — Limonite  with  copper- 
staining  on  the  shrinkage  fissures,  and 
ochre.  The  back  of  the  North  sulphur 
lode  was  not  worked  till  recent  years, 
and  iron  is  at  present  being  raised : 
of  late  the  ochre  has  been  worked. 

East  Otoca  Mznbe — MeUmorphic  Ordo- 
ffieian. — Limonite  and  ochre.  Worked 
in  late  years ;  ochre  at  present  being 
raised  and  manufactured.  The  backs 
of  copper  and  sulphur-ore  lodes. 

Redcross  —  Metamorphie  Ordovieian,-'^ 
Limonite. 

Wicklow — Metamorphie  Ordovieian, — 
Limonite,  magnetite,  chalybeate,  and 
ochre,  with  manganese :  seems  to  be 
the  back  of  a  copper  or  sulphur-ore 
lode.  Here  there  were  extensive 
works  in  the  17th  century,  the  ore 
being  smelted  by  Chamney  in  the 
Yale  of  Clara,  at  Killynaclash  furnace, 
&c. ;  the  old  mines  are  still  called 
the**  Clash  pits." 


KAKOANESE. 


[This  mineral  is  very  universally  distributed,  but  generally  more  or  less  minutely ;  it  is 
very  often  associated  with  bog-iron-ore,  or  other  iron  peroxides.  In  many  oases  it  is 
%'alueless.  In  this  list  are  only  given  the  localities  where  it  might  possibly  be  worked 
profitably  as  a  bye -product  with  the  asbociated  minerals.] 


CoLNTIES. 

A^\           Localities.                                   Bbmaeks. 

^^1^1                                       1 

Armagh. 
Clare. 
it 

19 

6 

27 

Clay. 

Cappagh. 

Glendree. 

YLeaAy-— Ordovieian.-— "Wiih.    lead;    nut 
in  large  quantity. 

Bally  vaughan  —  Carboniferous. — Asso- 
ciated with  lead. 

l\MQ^J)rifi,-^IHallogite). 
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COUNTIBS. 

«> 

LOCALITIBS. 

Bbmaskb. 

Cork. 

143 
148 
148 

AglMtubrid, 
Roury  QUn. 
Eosscarbery, 

Boflscarbeiy  —  T^hw    Sandstone,    or  , 
Devonian.    These  mines  are  on  one  | 
channel.      In  conidderable  quantity  ' 

Donegal. 

89 

Malinbeg. 

mnyhaga^Metamorphic  Ordo9ieum{f) 
—With  silver-lead. 

Galway. 

89 

per,  lead,  and  iron. 

Monaglian. 

87 

Corduff. 

Tippemry. 

74 

Aherlow  Vale. 

lead  and  copper.                                 1 

Wicklow. 

6 
5 

CloghleagK. 
KnoekatiUane. 

Blessington    (Glenasplinkeen)  —  JHai 
Schut.^mih  inm. 

80 
81 

BaUyeappU. 

copper. 

AlVTIMONT. 

[Ity  in  general,  occurs  as  the  sulphide  {stibnite)  associated  with  lead  {^alenite).'] 


Counties. 

^■|l 

LOCALITIBS 

Bbmarkb. 

Glare. 

84 

Q,u\n—Carhoniferou9.^yfi^  silTer- 
lead.— iSw  Lead  Ixet. 

Cork. 

142 

Babbit  Island. 

copper. 

Loath. 

1 

Jonesborough. 

Vicinity  of .  .  -^Ordovician. 

Monaghan. 

14 
14 
14 

Ziefflaaean. 
TuUybraek. 

At  Clontibret  the  vein  of  stibnite  is 
four  inches  wide. 

Tyrcn2. 

12  & 
19 

Munterlong  Mountain. 

Newtownstewart  —  OrdoHeian.  —  Be- 
corded  by  Gtifflth. 

Wicklow. 

96 
86 

Cronehane  (Magpie). 
Kihnacoo  (Conmiry). 

the  Kilmacooite.— iSM  Lead  Het. 
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ABSEinO. 

[This  mineral  is  very  often  present  in  small  quantities  associated  with  sulphur-ore 
(puriUs),  and  sometimes  with  lead.  At  Gronebane  and  Oonnarj,  Co.  Wicklow 
(sheet  35),  it  occurs  as arsenopyrite,  locally  called  ''Jack  Martin,"  with  the  sulphur- 
ore,  and  in  the  Eilmacooite  (see  Lead  and  Zinc) ;  at  Lackamore,  Co.  Tipperarj- 
(sheet  38),  it  occurs  as  arsennopyrite  associated  with  copper  ore ;  but  in  some  places  it 
occurs  independently,  as  on  the  east  shore  of  Adrigole  Bay,  Co.  Cork  (sheet  118),  and 
at  Gubnabinniaboy,  near  Molranny,  Co.  Mayo  (sheets  65  and  75).  In  some  of  the 
mines  of  south-west  Cork,  as  at  lissaremig,  near  Bantry  (see  Lead  List),  it  occurs  in 
considerable  quantities.] 


COBALT. 

[Cobalt  in  quantity  has  only  been  recorded  as  occurring  at  Muckross,  Co.  Kerry,  where, 
unfortunately,  most  of  the  ore  (erythrite,  or  arsenate  of  Cobalt)  was  thrown  into  the 
lake  before  its  yalue  was  ^isooYeTed.—{Kane.)'] 


COTTNTISS. 

i> 

L0CALITI£8. 

Bbma&xs. 

Donegal 

Dublin. 

Kerry 

Watoiford. 

85 
15 
74 

85 

Bamesbeg. 

Sutton, 

Muehrot: 

Knoekmahon. 

rhotite  crystal.    {Seott.) 

Howth — Carhoniftrous.-r-'Wiih.  manga- 
nese.   Discovered  by  J)r,  Stokes. 

Killamey—  Carboniferous. ^AModB.M 
with  copper  and  pyrites.    The  major 
portion  of  the  cobalt  ore  was  thrown 
into  the  lake  before  its  nature  was 
discovered  by  M.  Raepe  in  1794. 

Discovered  by  /.  E.  Holdsworth. 

Digitized  by  LjOOQ IC 


250 


Scientific  Pfvceedings,  Itoyul  Dublin  Society. 


QSAPHITB  (Plumbaaro). 

[Grapliite  has  been  yery  little  utilized,  although  in  some  Dlaoes  it  seems  to  be  in  sufficient 
quantity  to  have  been  worked  as  a  bye-product  with  the  associated  minerals.] 


Counties. 


Clare. 
Donegal. 

Kilkenny. 
Mayo. 

Tipperary. 
Wexford. 


Wicklow. 


°At 


48 


36 


Localities. 


Rekakks. 


Enocksnaghta. 


Sheephaven,  near  Ards 

House. 
Bumdale. 


Castleoomer  Coal-field. 


65     Toorrevagh. 


40 


Gleninchinaycigh . 

Ballymoney. 

Greenfield. 
Craan. 

Doonoony. 


Bathdrum. 
Avondale. 
Cronebane. 


Sixmilebridge — Ordovician, — In  a  vein 
with  iron. 


Dunfanaghy  and  Convoy. — Found  as 
rolled  pieces  in  Gravel. 


Carboniferous. — Fomeriy  associated  with 
the  "  old  Three-Foot  Coal." 


Achill  Island  —  Ordovician. — Graphitic 
micalyte  to  the  east  of  Doonaglass 
Point.     (Mitcheli,) 


XJpperchurch — Ordovician. — In  a  lode, 
associated,  or  mixed,  with  anthracite. 
The  lode  was  worked  to  a  depth  of 
ten  fathoms,  when  the  walls  closed 
in  and  cut  it  out. 


Courtown  — Ordovician. — Disseminated 
in  beds  of  black  shale. 


Enniscorthy — Ordovician, 


Wilton — Ordovician. — ^In  a  vein,  asso- 
ciated with  anthracite. 


Taghmon  —  Ordovician.  —  In   a   vein, 
associated  with  anthracite. 


N.E.  of  Rathdrum,  Ovoca — Ordovician. 
— In  these  places  it  occurs  dissemi- 
nated in  black  shaly  clays  locally 
called  CoaUgronnd. 
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NIOKSL. 

[This  mineral  as  yet  has  not  been  found  in  sufficient  quantities  to  be  profitable.  It  has, 
howeyer,  been  detected  in  the  pyprhoiites  of  the  Maam  and  Gleninagh  YaUeys, 
Co.  Galway.  Hardman  has  found  it  in  serpentine  or  allied  rocks  ;  such  as  ophiolyU^ 
lissoughter ;  talcyte  (?)  Mullaghglass,  Go.  Gal  way  ;  ophyte,  Croagh  Patrick ;  tteatyie, 
Bofin,  Co.  Mayo ;  and  ophyte,  or  ekhyyte,  Slishwood,  Co.  Sligo. 

In  America  there  is  a  magnesian  rock  which  is  worked  profitably  for  the  nickel  it 
contains ;  therefore  attention  may  be  directed  to  a  rock  found  S.W.  of  Leenaun,  to 
the  north  of  Glenisky  Peak,  Co.  Galwav,  and  to  a  similar  one  in  AchiU  Island, 
Co.  Mayo ;  as  in  appearance  they  are  very  like  the  American  rock.  As  yet  neither  of 
these  have  been  tested  for  nickel. 

Magnetic  pyrites  {pyrrhotiie)  crystals  that  occur  at  Bamesbeg,  Co.  Donegal,  were 
found  by  Scott  to  have  traces  of  nickel  and  cobalt.] 


TITAKTDIC. 

[Titanium  is  rare  in  Ireland,  or  has  not  been  recorded.  Specimens  of  rutiHUf  or  rutiU^ 
the  native  oxide,  have  been  found  at  Cushanacurragh,  near  Burrishoole,  to  the  north- 
east of  Clew  Bay,  Co.  Mayo.  In  the  Co.  Donegal,  Sir  C.  Giesecke  records  it  as  found 
in  quartz  peebles,  River  Dale,  and  in  mica  slate,  Arranmore,  while  Mr.  J.  Y.  Stewart, 
records  it  at  Malinbeg  and  Ards.  Kecently  bunches  of  small  crystals  have  been 
found  in  Bosscuile,  in  the  same  county.] 


MOLYBDENITE. 

[  riiis  mineral  appears  to  occur  in  rather  considerable  quantities  disseminated  in  a  wide 
endogenous  granitic  vein  in  the  townland  of  Murvey,  near  Roundstone,  Go.  Galway 
(sheet  63}.  Elsewhere  it  does  not  appear  to  be  recorded  in  quantity.  Haughton 
found  it  in  oligoclase  veins  at  Garvany,  near  Castle  Caldwell,  Co.  Fermanagh; 
while  R.  H.  Scott  found  it  in  an  elvan  at  Lough  Laragh,  near  Glenties,  and 
J.  Y.  Stewart  at  Lough  Anure,  both  in  the  Co.  Donegal.] 


ALUU  AND  COPPEBAS. 

Alum  shales  frequently  occur  in  the  Lower  Coal  Measures,  especially  in  the  Province  of 
Munster,  while  pyritous  shales,  suitable  for  the  manufacture  of  copperas,  are  also 
found,  especially  in  the  Upper  Coal  Measures.  To  the  pyritous  shales  special  attention 
was  directed  by  Kane,  in  1844,  but  since  then  no  one  seems  to  have  endeavoured 
to  utilize  them.  Near  Castleisland,  Co.  Kerry,  are  pyritous  shales,  called  Lapis 
Hibeniicus  Auctorum  ;  these  at  one  time  were  used  in  the  manufacture  of  copperas  at 
Tralee. 

Some  few  years  ago  Mr.  Walter  Jameson,  of  Glenarm,  discovered  an  alum-clay 
{alumyte)  in  connexion  with  the  lithomarge  and  iron  ores  of  the  Co.  Antrim.  This  is 
at  present  worked  in  different  places,  but  more  especially  near  Ballintoy. 

'Ihe  alumyte  must  not  be  confounded  with  the  French  Beauxyte,  or  the  German 
Woheiryte,  both  of  which  are  ferriferous,  and  in  aspect  more  or  less  similar  to  some 
ik  the  varieties  of  the  Antrim  lithomarge  and  bole.  The  lithomarge  and  bole  have 
not  as  yet  been  worked  for  alum ;  yet  they  seem  to  be  allied  to  the  alumyte,  the 
latter  appearing  as  if  it  was  a  secondary  product ;  having  been  at  first  lithomarge, 
out  of  which  the  iron  was  leached  by  the  associated  lignyte,  as  the  alumyte  is  always 
accompanied  by  the  latter. — See  County  History. '\ 
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SAX.T  AND  OTPSTTIC. 

[In  Ireland  nit  and  gTiwum  are  only  found  in  the  Tiianio  rocb  of  two  ooimtiei,  and 
are  more  or  lees  aaaodated.  In  all  the  ainkings  for  salt,  although  not  in  the 
borings,  gjpaam  has  been  found ;  but  in  di£brent  places  the  latter  ocean  wilhont 
salt.] 


CouHTua. 


in 


90 


41 


LOCAUTUS. 


GuahendalL 


BaUylig. 


Eden. 


Tyrone* 


Monaghan. 


Meath. 


68  & 


80 


81  & 
84 
81 


Muttaghewion^  or  Mul- 
tikutan. 


Goagh. 


Denynaarobe. 
Enocknacran. 


Rahaghtm, 
Niwcaatk, 
Keemaghan. 


BaxABxa. 


Near  to  .  .  — Oypium, — Found  in  the 
<<£euperMarL" 

Three  milea  south-east  of  Lame.— A 
bore-hole  was  put  down  in  1839, 
whUe  making  trials  for  ooal,  to  & 
depth  of  174  feet;  at  160  feet  Sa 
M0aittr$  was  met,  but  the  trial  vai 
abandoned  before  it  iras  proved  if 
a  good  bed  of  salt  existed. 

On  Belfast  Lough.  A  8uU  8pm§  it 
the  Tillage. 

Cairiekfergtts--M<  and  Oyjaewsi.— The 
Salt  Measures,  discovered  in  a  trial  in 
sesichofcoaL  In  the  old  pit  these  are 
162feetinthicknea8,  contain  1 10  feetoi 
pure  salt,  and  1 3  of  rock-salt;  butinfhe 
new  pit,  600  yards  to  the  north,  ihey 
are  only  about  100  feet  thick ;  while 
totheS.W.of  the  old  pit  trials  have  I 
been  made  without  finding  the  Salt 
Measures.  These  data  si^gest  that 
they  are  in  a  lentioular  mass,  or  cake, 
of  limited  extent  The  best  aak-bed 
(88  feet  thick)  containing  oyer  96  per 
cent,  of  pure  salt. 

lisbum.  Valley  of  the  Lagan— gyyiw^ 
— Becorded  by  Butty  in  his  Jfttwnl 
Eitiofy  of  Dublin^  1772.  Gypsnm 
is  known  to  exist  in  different  plaeea 
in  theyaUey. 

S.S.W.  of  .  .  —In  a  pit  sunk  at  Os 
south  side  of  the  Ballindenry  Biw 
thin  seams,  or  beds,  of  fibrous  f|p> 
turn  occur  in  a  red  and  green  ds^ 
16  feet  thick. 

Ganickmaoroes.— A  cake  of  gypnm, 
In  one  place  upwards  of  60  iesi 
thick.  Was  manufactured  at  Knock" 
nacran  into  Plaster  of  Paris  until  tid 
works  were  burnt  down  prior  to  1871^ 

S.E.  of  Eingsoourt-~^9M«m.— Provil 
by  borings  in  the  first  townlanij 
raised  in  the  two  others. 
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APATITE. 

[Apatite  in  quantity  has  not  as  yet  been  recorded  in  Ireland ;  bnt  aa  some  of  the  rocks  are 
very  Bimilar  to  those  associated  with  the  apatite  in  Canada,  especially  some  of  the  West 
Galway  rooks,  it  may  yet  be  found.] 


COUNTISB. 

j0 

LOOALITZSS. 

Bbmabxb. 

Antrim. 

— 

— 

In  the  lias  of  the  east  coast  some 
nodules  {eoproiitet)  have  been  found, 
but  not  in  quantity. 

Donegal. 

87 

Craanford. 

limestone. 

>t 

87 

Cam  High. 

Bathmelton— Ortfoptoafi.—- A  sUgJitly 
apatitio  limestone. 

,9 

85 

Barnes,    Upper     and 

Scott  records  having  found  traces  oi 

Lower. 

apatite  in  these  townlands. 

Galway  (P) 
Tyrone  (?) 

"West,  orTar-connaught. 

Ordovieian  (?)  or  Cambrian  (?)— Some  of 

— 

Slieye  Gallion  District. 

the  rocks  in  both  these  areas  are  very 

similar  to  those,  that  in  Canada,  are 

associated  with  the  apatite. 
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STEATITB  AND  PTBOPHYUilTE. 

[Steatite  and  pyrophyllite  generally  occur  more  or  less  deteriorated  as  the  rocks, — %Uatyie 
(soapstone),  and  pyrophi/llyte  (camstone).  They  are  very  much  confiised  in  the  records, 
both  nearly  invariably  being  called  by  the  first  name.  Steatyte  is  for  the  moat  paxt 
made  up  of  silicate  of  magnesia,  and  nearly  invariably  occurs  as  an  adjunct  of  the 
intrusive  rocks ;  although  in  some  cases  a  *'  fault  rock/'  made  up  of  the  debrU  of 
intrusive  rocks  may  become  a  steatyte.  They  may  pass  into  talcyte.  The  rock 
pyrophyllytef  is  for  the  most  part  made  up  of  silicate  of  alumina,  and  nearly  always 
occurs  in  beds,  as  if  it  was  a  methylotic  sedimentary  tuffose  rock.  Nearly  invariably 
it  has  a  fibrous  or  elongated  prismatic  structure,  and  often  passes  into  sericyte,  or 
anhydrous  micalyte. 
The  largest  and  most  valuable  recorded  Irish  localities  for  steatyte  are  in  the  Co.  Mayo  ; 
while  pyrophyllyte  is  more  known  in  Donegal  than  any  other  country.  Beds  of 
Bteatitic  clay,  br  "  Fuller's  earth ''  are  found  in  different  places,  and  formerly  were 
much  used  for  abstracting  grease  from  woollen  articles,  while  in  the  Co.  Galway  they 
are  still  used  for  that  purpose.  Pyrophyllyte  has  been  used  in  the  manufacture  of 
lubricators,  but  as  it  contains  about  30  units  of  alumina,  it  might  possibly  also  be 
utilized  in  the  manufacture  of  alum  and  alumina.  Neither  steatyte  nor  pyrophyllyte 
have  been  carefully  looked  for  or  recorded.  The  following  list,  therefore,  may  iall 
considerably  short  of  the  number  of  places  in  which  they  occur.] 


COUNTXBS. 

rh 

m 

LOCALITIKS. 

Rbuauks. 

Antrim. 

47 

Gobbin's  Kock,  Island 

Eocene  (V)— Steatyte.— Formerly  exten- 

Magee. 

sively  used  for  French  chalk. 

Cork. 

128 

S.W.  of  Dunboy. 

Castletown,    Bearhaven— Carioni/Jfroiif 

Ji 

127 

Pulleen  Ilarbour. 

Slate,— These,  especially  the  first, 
appear  to  be  dykes;    the   latter  is 

cupriferous.     Both  seem  to  be  more 

of  the  nature  of  pyrophyllyte  than 

steatyte;  but  as  yet  have  not  been 

tested. 

Donegal. 

87 

Meenrea. 

West  of  Rathmullen— Or<fot'M'km  (?) — 
A  bed  of  pyrophyllyte. 

f» 

17 

KildrummoD. 

South  of  .  .  — O/Yfopman.— The  back 
of  a  bed  of  pyrophyllyte  exposed  at 
the  shore. 

n 

46 

Cloony. 

N.W.  and  N.  of  Rathmelton— Orifort- 

»> 

46 

Cam. 

c»a«(?)— A  bed  or  beds  of  pyrophyl- 
lyte: worked  along  the  back,  or 
outcrop,  for  clay  to  be  used,  as 
hearths. 

}) 

44 

Clonkilty. 

Westward    of    Kilmacrenan  — Ordort- 

»» 

44 

Cotiian. 

ftan(?)— In  several  places  in  the 
hills.  In  general  the  pyrophyllyte 
of  the  Co.  Donegal  is  called  camstone 

or    cambstone.      It    has  been  quar- 

ried for  architectural  purposes. — See 

^Vilkinson's  Fraeiical  Geology, 
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No.  of 

Ordiuin'c 

Sheet. 

Localities. 

Rbma&u. 

Donegal. 

44 

Carr&ujtroina, 

West    of    Lougliakib,    Church    Hill 

phyllyte.  Mined  for  some  years  pro- 
fitably, and  sold  in  the  market  under 
the  trade-name  of  '*  ateatyte." 

■                      1 
1 

CrQhy  Head, 

Dungloe— Or<fow<?ta#i(P)— Beds  of  pyro- 
phyllyte  (P) :  for  some  time  mined 
to  be  used  in  the  manufacture  of 
lubricators. 

63 

CaWa  Olcbe, 

S.E.  of  Churchtown  —  (?r<for*tfiflii.— 
Pyrophyllyt©  bed:  seems  to  have 
been  worked  in  old  times,  but  no 
opening  has  been  made  for  many 
years.  Adjoining  the  old  workine 
18  a  heap  of  peculiar  saucer-shaped 
pieces  of  slag. 

»> 

79 

Gibbstown. 

Pyrophyllyte,  or  "camstone,"  has 
been  nused  for  years ;  in  old  times 
for  architectural  purposes,  and  more 
recently  solely  for  slabs  for  furnaces. 
Gamstone  yeins  also  occur  in  the 
country  to  the  northward,  between 
Gastlennn  and  Letterkenny,  that 
appear  to  have  been  used  for  farm  pur- 
poses. 

Galwaj. 

96 

Kilmeelickin. 

Haumbridge  —  Ordovician,  — Tumblers 
and  fragments  of  steatyte  (P) ;  the 
source  not  proved.     In  other  places 

are  recorded  as  associated  with  the 
ophytes,  but  no  considerable  accumu- 
lation is  recorded. 

Miyo. 

87, 

Ci-oegh  Patrick  Range. 

Westport— Ordmciofi.—Small  accumu- 
lations and  yeins  of  steatyte,  asso- 
ciated with  the  ophyte  that  forms 
the  long  tract  (the  largest  in  Ireland) 
extending  from  the  N.W.  slopes 
by  Croagh  Patrick  to  eastward  of 
Westport.  No  hirge  or  pure  vein, 
or  pocket,  is  recorded. 

1 

66 

CUj^an, 

Achill  Island — Ordoviexan, — ^An  irregu- 
lar bunch,  or  "pocket-vein,"  of 
steatyte.  A  portion  is  crystalline 
and  very  pure :  has  been  worked  to 
a  small  extent. 
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GOUKTISB. 


L0CALITIB8. 


BSMABXB. 


Mayo. 


107 


106 


106 


114 


Lugaloughaim, 


QlencuUiAii. 


Clegganadadda, 


W4$t  Qimrter. 


114 


Wicklow. 


N.W.  Cooat. 


Killahurlo. 


17 


Olenmaenatt. 


"Weetport — Ordovieian. — Pockets  and 
yeins  of  steatjte,  associated  with 
ophiolyte :  first  records  by  Warrm. 
[Gwlogical  Survey  Mem.  Ex.  ShmU 
83  and  84,  page  49.] 


(Doolough)  Lonisburgh — Ordofndtuu — 
A  dyke  of  mottled-green  steatyte. 


Louisburgh — Ordovieian. — ^A  large 
yellowish  mass,  associated  with  an 
intrude  of  felstone;  appeals  to  be 
in  part  pyrophylljte,  and  in  part 
steatyte. 


Bofin  Island — Ordovieian. — ^This  island, 
as  idso  Shark,  Ue  off  the  coast  of 
Galway,  although  in  the  Go.  Mayo. 
A  very  important  and  large  mass  of 
steatyte,  having  in  places  very  pore 
veins  and  pockets :  has  been  woriced 
a  little. 


Shark  Island — Ordovieian, — ^A  large 
mass  of  steatyte ;  very  similar  to  that 
on  the  opposite  shore  of  Bofin. 

Woodenbridge — Ordovieian, — Dykes  of 
an  orange  or  yellow  steatyte.  In 
this  county,  also  in  Wexford  and 
Waterford,  associated  with  the  basic 
eruptire  rocks,  are  small  veins  of 
steatyte,  but  none  of  those  recorded 
are  of  a  size  requiiing  a 
notice* 


S.E.  ^t^oxi'—Metamorphie  CambrianfT^ 
Pyrophyllyte  (eamtUme)  ;  formedy 
(1837)  worked  for  chimney-pieces,  &c. 
The  stone  when  first  raised  was  quite 
soft,  but  after  being  cnt  rapidly 
hardened. 


NoTB. — Steatite  and  Pyroph^lltte  in  this  list  are  minerals,  while  Stea^te  and  Pyro- 
phyllyte are  rock  masses :  that  is,  the  minerals  incoiporated  with  impuzities,  as  found 
forming  beds  or  veins. 
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FX.170B   OB  FLUOBSPAB. 

Flaor  or  Fluorspar  should  be  mentioiied  among  Irish  minerals,  being  an  important 
flux  in  the  reduction  of  iron.  XJnfortunatelj  its  value,  until  recent  years,  was  not 
generally  known>  and  the  places  in  which  it  has  been  f oiind  are  only  sparingly  re- 
corded; while  a  search  for  it  has  not  been  made.  Among  the  records,  we  find  it 
mentioned  as  occurring  iu  several  of  the  lead  mines  in  the  Go.  Glare ;  at  Minna  an4 
Juverrin  Mines,  Co.  Gklway,  of  a  violet  colour ;  and  in  the  same  county,  at  Glengoola, 
of  pale  yeUowish-green  or  bluish  colour;  while  in  the  Mines  of  Glendalough,  Co. 
Wicklow,  it  was  found  both  crystalline  and  massive.  None  of  the  records,  however, 
state  that,  as  yet,  it  has  been  found  in  sufficient  quantitios  to  be  of  commercial  value. 


INDEX  TO  MINERALS. 


Alum,  •    • 

rAOB 

.    .    261 

Antimony, 

.     .    248 

Apatite,     . 

.     .    263 

Arsenic,    • 

.    .    249 

Barytes,    . 

.    .    835 

Cobalt,      . 

249 

Copper,     .    . 

222 

Copperas,  . 

.    .    261 

Fluorspar, 

.    .    267 

Gold,    .    . 

.    .    206 

Graphite,  . 

.    260 

Gypsum,   .    . 

.    262 

Iron,  Bedded, 

.    237 

Iron,  veins,    . 

rAGB 

240 

Lead,    •    . 

»    • 

209 

Manganese,    . 

247 

Molybdenite, . 

261 

Nickel,      .    . 

261 

Pyrophyllite, 

264 

Salt,      .    . 

262 

Silver,  •    . 

207 

Steatite,    .    . 

264 

Sulphur,   .    . 

231 

Tin,      .    . 

207 

Titanium, .    . 

261 

Zinc,    .    .    . 

209 

8CtBli»  race*!  R.n»8.— VOL*  V.  pT»  it. 
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Part  II. — Brief  County  Histories. 

These  Coontj  Histories  are  placed  in  alphabetical  order.  In 
Part  I.y  The  Lists  of  the  Mineral  Localities — ^places  where 
$attf  gypsum^  steatite,  pyrophylite,  and  other  useful  products  occur — 
are  given,  as  the  workings  to  obtain  them  are  included  under  the 
general  name  of  '^  Mines,"  although  legitimately  speaking  thej 
do  not  belong  to  '^  Metal  Mining."  On  the  same  principle  the 
localities  for  coal  ought  to  have  been  mentioned,  more  especially  as 
the  coals  are  more  or  less  connected  with  clay-iron-stone.  Coal 
workings,  however,  are  so  important  that  umversally  they  have 
been  separated  from  Metal  Mining,  and  have  been  given  a  distinct 
place  of  their  own.  Nevertheless,  in  these  County  Histories,  it 
seems  impossible  to  pass  them  over;  they  will,  therefore,  be 
briefly  referred  to,  in  the  Coimties  in  which  they  occur,  in  con- 
nexion with  the  iron-ores,  the  working  of  both  being  more  or  less 
connected.  The  Iri3h  coals  are  of  Eocene  (?),  Carboniferous,  Or* 
dovician,  and  perhaps  of  Cambria  ages. 

Some  of  the  statements  made  hereafter  have  not  been  verified, 
and  in  such  teases  the  authorities  will  be  mentioned.  Much  infor- 
mation can  be  learned  from  Lewis's  Topographical  Dictionary. 
The  name  of  the  writer  of  the  geological  desoriptions  is  not  given ; 
but,  as  far  as  I  have  been  able  to  test  them,  they  appear  trust- 
worthy. Unverified  statements,  however,  wiU  be  given  on  Lewis's 
authority.*  ... 

The  English  writers  on  Ireland,  such  as  Spencer,  Ealeigh, 
Ledwioh,  Boate,  aiid  others,  insinuate,  or  positively  state,  that  tlie 
Irish,  before  the  English  camd  to  the  country,  were  perfectly 
incapable  of  finding  or  working  minerals.  This,  however,  the 
researches  of  the  Antiquarian  have  proved  to  be  perfectly  incorrect, 
as  the  early  Irish  were  eminent  workers  in  gold,  silver,  brass,  and, 
I  believe,  iron.   Their  trade  degenerated,  and  perhaps  altogether 

1  From  the  style  adopted  in  these  descriptions,  I  would  suggest  that  Weaver  was 
probably  the  writer. 
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ffeas^  duriog  the  internal  wars  before  and  after  the  advent  of 
Strongbow  and  his  mercenary  oompanions.  The  statements  of 
these  writers  as  to  early  mining  cannot,  therefore,  be  relied  on, 
although  they  may  be  quoted  in  reference  to  works  that  were  in 
existence  when  they  wrote. 

In  the  early  times  gold  and  silver  were  recognized  productions, 
especially  gold,  as  pointed  out  in  the  Paper  by  the  late  Gerrard  A. 
Kinahan,  On  the  mode  of  Occurrence  and  Winning  o/Ooldin  Ire- 
land {Proc.f  R.  D.  S.,  vol.  iii.,  pt.  v.).  The  English,  prior  to  1640^ 
discovered  and  worked  three  silver-lead-ore  veins  in  Antrim,  Sligo, 
and  Tipperary.  The  site  of  the  mine  in  Antrim  is  now  unknown, 
but  probably  it  was  somewhere  in  the  Ballyoastle  Metamorphic 
rocks  district.  The  Sligo  mine  was  in  Coney  Island,  but  it  also 
fippears  to  be  now  unknown,  or  to  be  given  a  different  name ; 
while  that  in  Tipperary  was  the  Silvermines  near  Nenagh.  The 
last,  although  claimed  as  an  English  discovery,  had  previously 
been  worked  by  the  Irish. 

Boate  (16)  would  have  us  believe  that  the  English  were  the  first 
to  smelt  and  work  iron.  Ghicester,  however,  in  his  report  (1609), 
states  he  found,  in  Ulster,  smiths  at  work,  making  steel  out  of  the 
native  iron,  which  they  wrought  much  more  easily  than  it  could 
be  made  in  England.  The  English  and  Scotch  however,  who 
came  over  after  his  report,  developed  an  extensive  trade ;  which 
seems  to  have  been  at  its  maximum  at  the  time  of  the  rising  in 
1641. 

The  Iron* works  were  of  different  kinds ;  some  Iron-masters  had 
furnaces  and  mills;  others,  especially  in  Ulster,  smelted  the  iron  in 
bloomeries  at  the  places  where  the  tiigber  was  most  plenty;  while 
pthers  had  tJxeir  furnaces  near  the  coast  of  Ulster,  Connaught,  and 
Munster,  importing  most  of  the  ore  from  England  and  Scotland. 
The  principal  Iron-masters  at  this  time,  whose  names  are  recorded, 
were — Lord  Cork,  furnaces,  mills,  and  mines  in  divers  places  in 
Mvneter ;  Wandsworth  (Wandesford),  furnaces,  mills,  foundry, 
and  mines,  Carlow  and  Kilkenny ;  Sir  Charles  Coot  (Coote),  mines 
and  works,  Queen^e  County yLeitrim^  B,nAEo8common ;  Lord  London- 
derry, mines  and  works,  Queen* e  County ;  Lord  Ely  and  Piggot,^ 

^  Piggot*8  works  may  have  been  in  the.  Queen's  County. — {Se0  description,  King's 
County,  page  285). 
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mines  and  works.  King's  County  ;  Sir  John  Dunbar  and  Sir 
Leonard  Bleverhasset  (Blennerhasset),  mines  and  works,  ^«r* 
managh;  London  Company,  mines  and  works,  Clure^  Limerick  {f); 
Sir  William  Petty,  works,  Ken-y ;  Lord  Stafford,  mines  and 
works,  Wicklow  and  Carlow[?);  Bennie,  mines  and  works,  Zoii- 
donderry  and  Tyrone ;  and  Sir  Walter  Baleigh,  mines  and  works, 
Waterford. 

Boate  states  that  the  large  furnaces  and  works,  exoept  those  on 
the  coast-line,  were  each  built  convenient  to  a  mine ;  while  the 
bloomeries  were  moved  from  place  to  place,  where  the  fuel  waa 
most  abundant.  We  may  therefore  suppose  that  formerly 
iren-mines  existed  close  to  most  of  the  above-mentioned 
furnaces. 

The  majority  of  these  iron-works  were  destroyed  in  1641, 
during  the  troubled  times ;  but  many  of  them  were  afterwards 
reinstated,  while  other  works  and  mines  were  also  started. 

Later  in  Wicklow  an  Englishman  of  the  name  of  Bacon  erected 
works  at  Shillalagh,  and  introduced  the  importation  of  pig-iron 
from  Wales.  These  works  were  carried  on  by  his  son-in-law 
Cholmondeley,  who  changed  his  name  to  Chamney,  and  the  latter, 
or  his  descendants,  are  said  at  one  time  to  have  had  fifty-two 
works,  between  founderies,  mills,  furnaces,  and  bloomeries,  in  the 
counties  Wicklow,  Wexford,  and  Carlow ;  the  ChamDcys,  besides 
importing  ore,  worked  mines  in  different  places.  In  Cork,  at 
Coomhola  and  Boaring  Water,  were  the  mines  of  the  Whites. 
In  Clare  and  Galway,  the  Bradys  of  Baheen,  the  Burkes  of 
Marble  Hill,  and  others,  opened  new  mines  and  established 
works;  while  in  Mayo,  the  Gfildeas  of  Fort  Boyal  were  large 
Iron-masters.  There  were  also  elsewhere  mines  and  works,  that 
sprung  up,  to  die  out  subsequently,  as  the  forests  were  gradually 
exhausted.  At  the  present  time  the  Bog-iron-ore  is  exported  from 
Donegal,  Londonderry,  and  elsewhere,  to  be  used  in  the  pnri* 
fioation  of  gas.  The  raw  product,  in  itself,  is  of  little  value; 
but  after  it  has  taken  up  the  gas  impurities  the  ^'  Gas  Wastes," 
as  it  is  called,  is  so  valuable  that  the  exporters  find  it  profit- 
able to  supply,  free  of  cost,  the  Gas,  on  the  condition  that 
they  are  returned  all  the  '^  Gas  Wastes."  The  latter  are  used 
for  the  manufacture  of  very  pure  sulphuric  acid  and  brown 
paint. 
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Coal  must  have  been  worked  at  a  very  early  time  in  Antrim^' 
but  the  English  were  the  first  to  disoover  and  work  it  elsewhere. 
Between  1630  and  1640  coal  was  discovered  by  Christopher  Wan- 
desford  at  Idrone  in  the  Co.  Carlow,  while  rising  iron-ore ;  subse- 
quently (1728)  it  was  looked  for  and  found  in  Coolbawn  Hill, 
Co.  Kilkenny ;  but  it  was  not  till  later,  when  the  woods  began 
to  be  exhausted,  that  elsewhere  it  was  more  generally  looked  for 
and  found. 

The  geological  sketches  at  the  beginning  of  each  county 
description  are  necessarily  very  brief,  and  many  important  details 
have  had  to  be  quite  ignored. 

Antrim. 

The  rocks  of  this  county  belong  to  the  Cainonoio^  Mewzoic,  and 
Palaeozoic  Periods  ;  but  the  exact  groups  to  which  the  first  and  last 
belong  have  not  been  determined.  The  oldest  rocks  are  metamor- 
phosed, and  may  possibly  be  of  Ordovician  age^  but  probably  are 
Cambrian.  Next  to  them  are  rocks  belonging  to  the  Calp  group  of 
the  Carboniferous,  while  the  Mesozoic  is  represented  by  portions  of 
the  TriaSj  Jurassic^  and  Cretaceotis.  The  Cainozoic  consists  nearly 
solely  of  sheets  of  Doloryte  and  their  adjuncts,  and  in  the  latter 
are  plant  remains,  that,  some  say,  indicate  a  Miocene^  others,  an 
Eocene  age.  The  mines  worked  have  been  principally  for  coal  and 
iron,  while  at  the  present  time  alum-day  {alumyie)  is  also  a  source 
of  industry. 

In  the  Eocene  (P)  are  beds,  or  portion  of  beds,  of  coal  (lignyte). 
alumyte,  litomarge  {ferriferous  clag)y  bole  {aluminous  limonite)^  and 
iron-ore  (limonite  and  magnetic) ;  with  steatyte,  near  the  Qobbins 
Island  Magee.  Various  attempts  have  been  made  to  work  the 
lignyte  profitably,  but  all  seem  to  have  failed.  In  the  alumyte 
works  (aJthough  in  some  of  the  mines  there  is  a  considerable  thick- 
ness of  lignyte)  it  is  considered  perfectly  valueless,  and  is  run  out 
on  to  the  attals  (spoils  or  waste  heaps)^  or  is  used  as  filling  stuff 
in  the  old  workings  {stulls). 

The  probable  origin  of  the  alumyte  (alum-clay)  has  been  given 
in  a  Paper  on  the  "Irish  Crystalline  Irish-ores,"  Scien.  Proc.j 

^  The  coal  mines  in  Antrim  aeem  to  have  been  the  oldest  in  England^  Scotland,  or 
lzelaiid.->(6^  Co.  Antrim,  page  264.) 
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11.  D.  8.,  vbL  IV.,  1884,  p.  311,  and  need  not  be  here  re-given. 
At  the  present  time  only  this  c-lay  is  worked  for  the  manufacture 
of  alum,  although  the  associated  lithomarge  and  bole  are  very 
similar  in  aspect  to  the  ferriferous  varietieB  of  the  French  and 
German  clays  (beauxyU  and  tcoeheinyte).  It  would,  therefore, 
appear  expedient  that  the  bole  and  lithomarge  should  be  more 
minutely  tested,  especially  the  light-coloured  varieties  of  the 
latter. 

The  mining  in  the  alum-olay  (alumyte)  is  quite  of  recent  date. 
Its  value  was  first  discovered  by  Mr.  Walter  Jemerson  in  1873, 
who  began  to  work  it  in  1874 :  since  then  the  trade  has  largely 
developed. 

The  following  are  analyses  of  the  alumyte,  beauxyte,  and 
woeheinyte,  prociured  through  Mr.  Jemerson  : — 


A/umy/e. 
Glenarm.    ' 

Alumyte. 

RalUntoy. 

Beauxyte. 
Dahm's. 

Beauxyte, 
MargeilW. 

Woeketnyie. 

Alumina, 

42-45 

62-37 

63-19 

67-83 

5704 

Peroxide  of  Iron, 

1-54 

1-29 

3-72 

00-47 

108 

Lime,  . 

0-46 

0-48 

— 

— 

— 

Magnesia,     . 

Trace. 

Trace. 

— 

— 

Potash  and  Soda, 

004 

0  06 

— 

— 

— 

Silica,  . 

27-50 

1316 

11-47 

10-64 

19-60 

Titanic  Acid, 

9-40 

5  20 

— 

_ 

— 

Sulphuric  Acid,    . 

008 

0-36 

— 

— 

— 

Phosphoric  Acid, 

None. 

None. 

— 

— 

— 

Organic  Matter,   . 

Trace. 

Trace. 

— 

.    — 

— 

Combined  Wati-r, 

18-63 

27-18 

16-32 

15-80 

17-45 

100-00 

100-03 

— 

— 

— 

The  analysis  of  the  alumyte  was  made  by  John  Pattison,. 
Nowcastle-on-Tyne.  In  the  French  cmd  German  analyses  the 
alumina  is  both  hydrated  and  anhydrous.  As  sulphuric  acid,  in 
the  process  of  alum  making,  only  extracts  the  hydrated  alumina ; 
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in  the  oontinental  minerals,  by  all  known  prooesses,  there  is  a  loss 
of  from  6  to  8  per  oent.  that  cannot  be  abstracted  ;  on  this 
aoconnt  the  Irish  clajs  compare  much  more  favourably  with  the 
oontinental  than  the  Table  suggests.  Many  of  the  beauzytes  and 
woeheinytes  contain  much  more  iron  than  the  above,  iron  having 
been  made  from  a  variety  of  the  latter.  Of  beauxyte  Dana  gives 
three  analyses ;  containing  of  iron  respectively,  27'6,  3*0,  and  34*9 
per  cent.  The  Irish  clays  contain  much  more  silica  than  is  found 
in  the  French  or  German.  The  Beauxyte,  however,  which  gave 
30  Iron  is  white  in  colour  and  gives  21*7  of  silica. 

The  Canizoic  {Eocene  f)  iron-ore  trade  is  also  of  recent  develop- 
ment. In  1609  Chichester  mentions  ore,  while  in  1683  Dobbs 
uggested  that  it  existed  in  Island  Magee ;  but  it  would  appear 
that  it  was  not  generally  known  before  1861,  when  Dr.  Bitchie 
specially  directed  public  attention  to  those  iron-ores.  Afterwards 
they  were  successfully  worked,  until  the  slack  in  the  iron  trade^ 
since  which  time,  although  not  as  successful  as  previously,  there 
is  a  sufficient  demand  for  the  ore  to  keep  some  of  the  workings  still 
going.^  The  occurrence  of  the  pisolitio*ore  is  peculiar ;  for,  although 
it  appears  as  if  bedded,  its  genesiB  probably  was  long  subsequent  to 
the  formation  of  the  associated  rocks.  The  pisolitic  iron-ores  fill 
horizontal  shrinkage  fissures,  the  accumulations  having  characters 
more  or  less  analogous  to  those  of  standing  lodes. — (See  Soiem 
Proe,,  E.  D.  S.,  vol.  iv.,  1884,  p.  812.) 

The  steatyte  at  the  path  to  the  Qobbins  Island  Magee  was 
formerly  worked  as  "  French  chalk." 

In  places  the  doleryte  is  decomposed  into  a  rich  ochre.  Of 
ochre  found  at  Mr.  M' Arthurs,  near  Bally mena,  Apjohn  writes : 
'^The  silex  of  the  basaltic  ochre  is  at  present  in  a  state  of 
extreme  division ;  and  from  this  circumstance,  and  the  great  depth 
and  beauty  of  its  colour,  it  appears  well  suited  to  the  purpose  of  a 
red  paint  for  gates,  railings,  and  other  descriptions  of  outdoor 
work. 

The  Jurassic  beds  {Lias)  are  very  sparingly  represented ;  but  in 
them  are  apatitic  nodules  {phosphates).  These,  however,  have  not 
been  f  otmd  in  sufficient  quantity  to  be  utilized. 

1  Quite  recently  (1886)  arrangements  have  been  made  to  work  an  accumuUtion 
found  in  Katlilin  Island. 
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In  the  Trias,  near  Cualiendall ;  in  the  Forth  Biver  YaHey ;  in 
the  Woodbum  Valley,  between  Ealroot  and  Whitehead ;  and  in 
the  Valley  of  the  Lagan,  gypflum  oocoib  in  the  marls;  but 
although  the  Teins  in  places  are  numerous,  none  that  are  known 
are  thick  enough  to  pay  for  working. 

The  Salt  mines  at  Duncrue  are  of  recent  date,  the  salt  having 
been  discovered  in  1850  while  boring  in  search  of  coal.  As 
mentioned  in  Part  I.,  page  252,  the  Salt  Measures  may  extend  east- 
ward towards  Eden,  and  northward  towards  Lame,  as  saline  wells 
are  found  in  those  directions. 

In  remote  and  recent  years  there  have  been  workings  for  eoal 
and  iron  in  the  Balltcastlb  Goal-field.  The  rocks  are  com- 
monly called  Goal  Measure;  but  correctly  they  are  a  portion 
of  the  Galp  division  of  the  Garboniferous  limestone:  they  are, 
however,  the  equivalents  of  the  so-called  "  Lower  Coal  Measures  " 
of  Scotland.  The  earliest  works  were  during  the  time  that 
*' stone  implements''  were  in  use,  as  about  1770,  during  the 
miniug  operation,  then  in  progress,  old  galleries,  having  in  them 
wicker-work  baskets  and  stone  implements,  were  broken  into. 
In  recent  years  the  Macgildowneys  were  those  who  worked  the 
coals,  the  royalties  at  the  time  belonging  to  the  Boyds. 

At  what  time,  or  by  whom,  the  ancient  galleries  were  driven  is 
now  unknown;  but  it  is  evident  the  industry  ceased  and  was 
forgotten.  In  1700,  Ballyoastle'  was  quite  a  poor  place,  contain- 
ing some  sixty-two  house-holdings,  and  extending  over  an  area  of 
about  three  acres.  But  about  the  year  1784  it  liad  advanced,  and 
became  a  prosperous  town,  having  its  iron  works  of  various  kinds, 
its  manufactures  of  salt  and  soap,  its  weaving  and  bleaching 
establishments,  its  tanyards,  its  glass-house,  and  brewery.  The 
enumeration  of  these  is  in  part  foreign  to  the  present  inquiry;  but 
as  they  were  in  a  great  measure  adjuncts  of  the  mining  operation, 
it  may  be  allowable  to  refer  to  them. 

The  prosperity  of  the  place  was  in  a  great  measure  due  to  the 
energy  of  Hugli  Boyd,  the  proprietor,  and  it  began  to  decline 
about  1670  or  1680,  after  his  death,  the  decline  being  aided  by 


1  This  place  got  its  present  name  from  the  castle  built  in  1609  by  Randolph,  Barl 
of  Antrim.  Correctly  the  coal  and  iron  works  should  be  called  the  Culfeightiin 
eollieries  \  but  this  name  has  been  quite  suiierseded  by  that  of  Ballycastle. 
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the  London  Society  (Londonderry)  having  suocessfully  opposed 
a  grant  of  money  to  improve  the  port. 

It  may  he  mentioned  that  the  glass  industry  seems  to  have 
been  of  a  very  ancient  date,  possibly  prehistoric,  as  some  au-  •^ 
thorities  suggest  that  this  was  one  of  the  places  in  which  the 
ancient  glass  heads  and  such  like  were  made.  It  was  induced  by 
the  excellent  sand  of  the  vicinity,  due  to  the  weathering  and 
washing  of  the  sandstones  of  Carboniferous  age.  The  glass  trade, 
which  was  principally  an  export  one  to  Scotland,  gradually  declined 
as  the  native  coal  increased  in  price,  and  seems  to  have  finally 
ceased  in  1850,  or  thereabouts,  when  the  glass-house  was  destroyed 
hy  lightning. 

The  higher  coals,  or  those  above  the  level  of  the  sea,  are 
worked  out.  There  are,  however,  two  coals,  called  the  "  sea-coals," 
below  the  sea  level,  still  unwrought ;  which  have  been  estimated  to 
contain  about  18,000,000  tons  of  coal ;  but  as  far  as  trials  have 
been  made  they  are  unprofitable,  on  account  of  the  drainage  of 
the  sea  into  the  workings :  very  little,  therefore  (if  any),  of  this 
ooal  can  be  profitably  raised. 

Mr.  Enowles  of  Ballymena  has  found  prehistoric  beads  made       ^^ 
of  zoisitCy  or  Jade  de  sauasare  (saussaurite),  in  the  ^olian  sands  in 
places  along  the  coast-line  in  connexion  with  Kitchen  midding  and 
such  like  early  traces  of  man  ;  while  Mr.  M*Henry  has  discovered       "  \  gf  • 
small  veins  of  similar  jade  in  the  metamorphic  Cambrians (P).  ^^  ./^^{^ 

In,  or  associated  with,  the  older  rocks  [MetamorphoHed  Cambrians?)  ^ 

gold  is  said  to  have  been  found  in  Glendun,  near  Cushendun ;  and 
in  1825  the  Glenarm  and  Antrim  Mining  Association  proposed  to 
work  the  gravels  of  the  river.  This  Company  are  also  reported 
to  have  found  in  Slieve-an-orra  and  neighbouring  hills,  traces  of 
copper  and  lead;  but  the  extent  to  which  they  carried  their 
researches  in  quest  of  these  minerals  is  uncertain,  as  there  are 
not  any  published  records  of  the  places  whore  these  minerals  were 
found. 

As  already  stated,  in  this  county  was  situated  one  of  the  three 
lead  mines  discovered  by  the  English  prior  to  the  rising  of  1641 ; 
whereabout  it  was  situated  Boate  does  not  state,  but  he  gives  a  most 
glowing  description  of  it,  stating:  "for  as  much  as  with  every 
thirty  pounds  of  lead  it  yielded  a  pound  of  pure  silver."  At  the 
present  time  it  is  quite  unknown. 
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In  the  National  Museum,  Leinster  House,  Dublin,  are  some 
fine  specimens  of  Onyx,  said  to  have  come  from  Bathlin  Island. 


Armagh. 

The  major  portion  of  this  area  is  occupied  by  Ordomdam  in 
part  metamorphosed  with  which  to  the  S.  E.  are  associated  QranyU 
and  allied  rocks.  These  to  the  N.  W.  are  succeeded  by  Carbonic 
feroua  limestone,  while  the  latter,  at  the  N.  W.  of  the  county,  are 
overlaid  by  Triamic  sandstone  or  marl,  and  to  the  N.  E.  by  the 
Tefiiary  or  Cainozoic  rocks  or  the  Lough  Neagh  beds.  Some  of  the 
rocks  near  Armagh  and  to  the  N.  E.  at  Benburb  have  been  said  to 
be  Permian :  their  position  and  fossils,  however,  seem  to  prove  this 
conjecture  to  be  erroneous. 

The  recorded  minerals  occur  nearly  solely  in  the  Ordoticiant  or 
the  associated  Oranyte  and  allied  rocks.  The  principal  mineral  in 
the  lodes  was  lead,  but  copper  occurred  in  the  veins  at  Jerret's  Pass, 
near  Newry,  and  Tullydonnell,  near  Crossmaglen.  Griffith  records 
an  ancient  mine  at  Ballymore,  near  Pointzpass,  but  states  its 
"  exact  position  is  not  ascertained." 

Lewis  reports  antimony  as '  having  been  *'  found  in  a  few 
spots." 

Westward  of  Slieve  Qallion  in  the  western  slopes  of  the  hill 
near  Larkin's  mill,  and  not  far  from  the  edge  of  the  Granyte, 
either  Steatyte  or  Pyrophyllyte^  probably  the  latter,  has  been  found. 


Carlow. 

The  major  portion  of  the  area,  included  within  the  limits  of 
Carlow,  is  occupied  by  Oranyte^  a  part  of  the  Leinster  range.  To 
the  extreme  8.  W.  of  the  county  is  a  small  tract  of  Coal  Meawre  a 
portion  of  the  Kilkenny  Coal-field,  which  lies  on  the  Ca»'hom^ 
ferom  limestone  of  the  valley  of  the  Barrow,  the  latter  overlapping 
the  G-ranyte.  These  limestones  are  supposed  to  lie  direct  on  the 
Gbanyte ;  but  a  few  small  outlyers  of  Carboniferous  Sandstone  have 
been  found,  which  may  suggest  that  elsewhere  rocks  of  this  class 
intervene,  but  are  unknown,  being  obliterated  by  the  envelope  of 
Drift. 
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Farther  northward,  in  the  Co.  Kildare,  Metamorphio  rooks 
{Ordoviciam)  intervene  between  the  Ghranyte  and  the  Carboniferous 
rocks,  but  they  do  not  extend  southward  into  the  Co.  Carlow ;  to 
the  eastward  of  the  range,  however,  at  Clonegall  and  Newtown- 
bany  a  tongue  of  these  rocks  extends  from  the  Co.  Wexford  into 
this  county. 

This  county  does  not  appear  in  Griffith's  lists ;  but  in  the  Coal 
Measure  there  are  some  seams  and  nodular  beds  of  clay-iron  stone 
that  were  mined  between  1600  and  1641  by  Christopher  Wands- 
worth (Wandesford) ;  who  had  also  works,  including  a  foundry  for 
ordnance,  at  Idrone.  — (See  Leimter  Coal-field^  Co,  Kilkenny) .  In  latter 
years  iron  was  raised  near  Shillalagh,  Co.  Wicklow,  and  probably 
also  in  this  county. 

Except  the  clay-iron  stone  there  are  no  authentic  records  of 
minerals  or  veius.     Gold,  indeed,  is  said  to  have  been  found  not  • 
many  years  ago  in  one  of  the  valleys  N.  E.  of  Graguenamanagh : 
this  has  not,  however,  been  authenticated.     Lead  is  also  said  to 
have  been  found  in  one  of  the  same  valleys,  and  some  trials  were ' 
made  unsuccessfully.     It  may  be  pointed  out  tliat  these  trials  were* 
injudicious,  and  not  in  the  places  where  lodes  would  probably  be 
found. 

Cavan. 

About  Lough  Sheelin,  at  the  south  of  the  county,  and  extend- 
ing in  from  Westmeath,  is  the  edge  of  the  great  central  tract  of 
Carboniferous  Limestone^  while  in  the  vicinity  of  Stradone  there  is  a 
small  outlier.  The  north-western  portion  of  the  area  is  solely 
occupied  by  Carboniferous  rocks ;  in  places  there  being  Coal 
Measure;  as  in  a  small  tract  between  Ballyconnell  and  Swan- 
linbar;  and  in  the  hill  country,  to  the  N.  W.,  of  which  Cuilcagh, 
partly  in  Leitrim,  is  the  highest  summit.  At  Cavan  there  is  a 
limited  tract  of  Carboniferous  Sandstone^  and  S,  W.  of  it  is  an  in- 
trude of  Oranyte,  while  the  rest  of  the  area  is  occupied  by  Ordovi- 
dans. 

The  mountain  tract  to  the  N.  W.  is  a  portion  of  the  Connaught 
CoAL-FiBLD  ;  including  portions  of  the  counties  Cavan  and  Fer- 
managh {Province  of  Ulster)  ^  vnth  parts  of  Sligo,  Leitrim,  and 
Boscommon  [Province  of  Connaught).  As  all  are  part  of  the  one 
field,  they  may  here  be  described  together. 
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In  old  times,  but  more  especiallj  in  the  sixteenth  and  seventeenth 
oenturieSy^  there  was  extensive  mining,  smelting,  and  milling,  of 
iron,  which  lasted  till  the  woods  were  exhausted,  the  fuel  being 
wood-oharooal.  As  the  woods  disappeared  the  fires  were  put 
out,  the  last  extinguished  being  Drumshambo,  Co.  Leitrim, 
in  1765.  Shortly  afterwards,  in  1788,  the  three  brothers 
O'Reilly  tried  to  revive  the  industry,  and  smelt  the  iron  ore 
with  the  ooal — the  first  attempt  of  the  kind  in  Ireland.  They 
ereoted  a  furnace  and  nulls  at  Axigna,  Co.  Boscommon,  and  sent 
into  the  market  some  exoellent  pig  and  bar  iron ;  the  ooal  being 
procured  at  the  Bover  and  Aughabehy  collieries;  respectively,  about 
one  and  three  miles  distant.  The  adventure,  however,  did  not 
prove  successful  on  account  of  English  competition ;  and  after 
passing  through  the  hands  of  other  speculators  the  enterprise  was 
abandoned  in  1808. 

In  1818  Griffith  made  a  favourable  report  of  the  iron  ore  of 
the  district :  this,  coupled  with  his  statement  before  a  Committee 
of  the  House  of  Commons  in  1824,  induced  the  Irish,  the  Hiber- 
nian, and  the  Arigna  Companies  to  take  setts  for  the  working  of 
coal  and  iron  in  the  Co.  Boscommon.  The  first  and  second  had 
their  mining  setts  in  the  Cashel  Mountain,  or  Slieve  Curkagh,  the 
range  of  hills  north  of  the  Arigna  Biver ;  while  the  workings  and 
works  of  the  Arigna  Company  were  to  the  southward  of  that  river 
in  the  Bracklieve  range ;  but  now  more  generally  called  the  Arigna 
Mountain,  after  the  name  of  the  site  of  the  furnace  and  mills. 
Practically  the  Hibernian  Company  did  no  work,  the  report  of 
their  surveyor  being  considered  unfavourable.  The  Irish  Company 
opened  some  pits,  the  largest  being  at  Tullytawen,  where  the  coal 
for  a  time  gave  a  profit ;  but  the  most  extensive  works  were  those 
of  the  Arigna  Company. 

The  original  works  of  the  O'Beillys  at  Arigna  appear  eventu- 
ally to  have  become  the  property  of  the  Latouches  of  Dublin, 
because  from  them,  in  1824,  the  new  Company  obtained  a  lease  of 
the  works  and  mines.     They  commenced  work  with  a  large  staff  of 


^  Before  the  rising  in  1641,  Sir  Charles  Coote,  besides  his  Iron  Works  at  Mount* 
rath,  Queen's  County,  had  others  in  the  counties  of  Leitrim  and  Roscommon.  The 
Leitrim  Works  may  have  been  at  Creeyelea,  and  those  of  Roscommon  wers  somewhera 
in  the  valley  of  the  Arigna,  all  these  works  were  burnt  in  1641. 
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Englisli  artisans  and  engineers,  and  from  November,  1825,  to  May, 
1826,  the  works  were  prosperous,  some  250  tons  of  iron  being 
manufactured  at  a  oost  of  £8  is.  per  ton.  Then  unfortunately, 
through  some  mismanagement,  the  furnace  was  choked ;  which  led 
to  an  expensive  Chancery  suit,  lasting  for  ten  years,  when  it  was 
decided  in  favour  of  Mr.  Flattery,  who  recommenced  the  smelting 
and  manufacture  of  iron  in  1836.  Flattery  worked  for  some  years 
very  spiritedly,  opening,  besides  O'Reilly's  collieries,  another  at 
Gubberudda,  where  the  coal  was  of  a  better  quality.  But  eventu- 
ally he  coxdd  not  compete  with  the  English  and  other  iron-workers* 
and  his  fires  had  to  be  put  out.  Since  Flattery's  time  iron  has  not 
been  smelted  in  the  district,  but  the  coal  has  been  worked  profit* 
ably  for  a  local  trade. 

In  the  Slieve-an-ierin  district,  to  the  east  of  Lough  Allen, 
coimties  Leitrim  and  Cavan,  the  clay-iron  stone  is  richer  than  in 
Co.  Boscommon,  and  in  former  times,  while  the  forest  lasted,  was  ^^  ^r 
extensively  mined  and  worked,  the  name  of  the  hill  anglice  **  moun*  f  ^ 
tain  of  iron,"  suggesting  pre-historio  workings.  Since  the  Drum- 
fihambo  furnace  was  put  out,  in  1765,  no  iron  has  been  smelted* 
while  very  little  work  has  been  done  in  the  coal,  apparently  on 
account  of  the  great  quantity  of  peat  fuel.  According  to  Boate, 
iron  was  worked,  in  1650,  "  in  a  place  called  Doubally,"  Co.  Cavan, 
and  "  upon  Lough  Erne,"  Co.  Fermanagh. 

To  the  N.  W.  of  the  Co.  Leitrim,  in  the  barony  of  Drumahaire, 
the  clay-iron-stone  was  formerly  also  extensively  raised.  Of  this 
a  oonsiderable  quantity  was  carried  to  Ballynakill,  south-east  of 
Golloonoy,  and  to  a  furnace  near  Ballysodare,  both  in  the  Co.  Sligo, 
to  be  mixed  with  other  ores  and  smelted.  It  was  also  smelted  at 
the  Creevalea  Iron  Works,  townland  of  Q-owlaun.  In  this  town- 
land,  and  the  adjoining  one  of  Tullynamoyle,  there  are  various  beds, 
or  nodular  beds,  of  day-iron-stone,  the  richest,  as  pointed  out  by 
6ri£Bth  and  Jukes,  being  one  about  eleven  inches  high,  which  is  as 
good,  or  perhaps  better,  than  any  of  the  seams  in  Slieve-an-ieran. 
According  to  the  record,  Sir  C.  Coote  appears  to  have  had  works 
here  in  1640,  while  the  last  furnace  for  smelting  iron  with  wood- 
charooal,  was  extinguished  in  1768.  The  works,  however,  were 
resumed,  in  1862,  by  a  Mr.  Currie,  who,  laid  out  large  sums  in  blast 
fomaces,  kilns,  tramways,  engines,  and  workmen's  houses;  but 
became  bankrupt  in  1864.    Afterwards  the  works  were  rented  by 
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Mr.  Potts  of  Dublin,  who  smelted  a  little  iron  with  peat  charooal ; 
they,  however,  were  abandoned  in  1868-69. 

In  this  field  the  ampunt  of  claj-iron-stone  is  considerable :  some 
of  it,  however,  is  inferior.  Of  coal  there  cannot  be  much ;  perhaps 
some  10,000,000  tons,  of  which  only  a  portion  could  be  economi- 
cally wrought,  especially  during  the  present  low  price  of  coal  and 
high  rate  of  wages.     The  coal  in  part  is  gaseous. 

Other  minerals  in  Co.  Cavan  occur  in  veins  in  the  Ordomciam^ 
jsiuch  as  copper  in  Famham,  near  Cavan,  and  lead  near  Gootehill, 
JSheroock,  and  Ballyoonnell. 

In  the  OrdovicianB  of  Kill,  near  Kilnaleek  {sheet  37),  there  is  a 
.bed  of  anthraoyte.  This,  when  discovered  in  1864,  was  sank  on,  and 
according  to  Dr.  Whitty's  report,  was;  in  one  place  four  feet  thick. 
.This,  however,  appears  to  have  been  a  local  swelling  of  the  bed,  as 
elsewhere  in  the  strike  and  in  depth  it  was  only  a  few  inches  wide. 
About  two  mUes  southward  of  Shercock  are  beds  of  anthracitie 
shales :  these  in  bad  winter,  when  fuel  was  scarce,  have  been  worked 
for  fireing ;  they  were,  however,  only  a  make-shift  in  the  place  of 
.better,  because  at  present  they  are  of  no  commercial  value.  It  is, 
however,  possible  that  here,  as  in  Canada,  anthracitie  and  car- 
^bonaceous  shales  may  point  to  underlying  oil  or  gas  cistem& 
This  seems  worthy  of  further  research. 


Glare. 

The  rocks  of  this  county  belong  to  the  Carboniferous  and  Ordo" 
rician  periods.  Nearly  half  the  western  portion  of  the  area  is 
occupied  by  Coal  Measures,  the  northern  portions  of  the  extensive 
West  Munstkr  Coal-field  ;  while  to  the  east,  in  the  neighbour* 
hood  of  Lough  Derg,  hills  of  Ordovidan  rooks  protrude  up  through 
the  Carboniferous. 

In  MuDster,  especially  Limerick  and  Clare,  below  the  Calp  and 
Fenestella  limestone  (lithologically  divisions  of  the  Carboniferous 
rocks)  leady  lodes  often  occur;  below  the  Fenestella  limestone 
the  lecul  is  usually  accompanied,  more  or  less,  with  copper  and 
sulphur  ores.  On  both  horizons  the  minerals  do  not  occur  in  re- 
gular lodes,  but  in  pockets  and  "  shoots,"  which,  when  worked  out, 
•have  no  leaders  to  other  deposits.     Different,  very  rich  pockets 
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have  be^i  found  on  both  horizooBy  which  were  remuneratire  to 
the  first  adventurers,  but  more  or  less  disastrous  to  their  suo- 
oessors  who  have  attempted  to  follow  what  thej  supposed  to  be 
''  leads."  Pockets  of  this  class  are  indicated  by  calospar,  associated 
witii  dolomitio  sand.  In  the  limestones  of  the  Burren  type 
numerous  small  veins  of  lead  and  zinc  have  been  found,  but  none 
of  them  of  promise ;  yet  we  learn  from  the  records  that,  in  the 
time  of  James  the  First,  there  was  a  "silver-mine"  in  the  Burren, 
adjacent  to  O'Loughlin's  Castle,  now  called  Castletown,  while 
there  core  misty  records  of  much  more  ancient  mines.  Fluor  or 
fluorspar  was  foimd  in  different  mines,  associated  with  the  lead. 

In  the  Coal  MeamreSy  near  the  Shannon,  below  the  horizon  of  the 
lowest  coal,  some  of  the  shale-beds  are  very  rich  in  nodules  of  clay- 
iron  stone.  The  coals  in  this  county  are  of  very  little  account. 
Near  the  Shannon,  to  the  south,  there  are  some  thin  beds,  that 
were  worked  in  old  times  along  the  outcrops,  but  as  they  are  traced 
northward  they  thin,  till  eventually  the  horizons  are  only  marked 
by  fire-clays,  with  stems  of  stigmaria.  The  iron-ore  beds  also 
appear  to  become  poorer  as  they  are  followed  northward.  In  the 
old  times  the  latter  were  worked  to  the  southward,  in  the  vicinity 
of  the  estuary  of  the  Shannon.  Some  of  this  ore  seems  to  have 
been  smelted  in  the  vicinity  of  the  mines,  but  much  of  it  was 
carried  inland,  or  was  sent  up  the  Shannon  by  boats,  to  be  mixed 
with  Ordovician  and  other  ores  at  the  furnaces  on  Lough  Derg 
or  elsewhere.  This  day-iron  stone  is  mentioned  as  worked  in 
1650,  while  it  was  smelted  and  wrought  by  a  London  Company 
at  furnaces  and  mills  near  the  mines. 

Iron  ore  in  the  Ordovician  rocks  was  extensively  raised  in 
Glendree,  westward  of  Feakle,  also  at  Ballymahon  and  Bealkelly, 
near  Tomgraney.  East  of  Feable,  at  the  hamlet  now  called 
Furnace,  are  the  remains  of  considerable  works,  apparently  prin- 
cipally for  smelting  purposes;  vtrhile  the  iron  raised  at  the  mines 
near  Tomgraney  is  said  to  have  been  sent  by  boat,  to  be  smelted 
and  milled  at  the  different  furnaces  and  works  between  Mount 
Shannon,  Clonrush,  and  Woodford,  west  of  Lough  Derg,  Co. 
Galway.  According  to  the  records,  three  classes  of  ore  appear  to 
have  been  in  use  for  mixing  at  the  furnaces,  and  these,  from 
Gerrard  Boaters  descriptions,  were  evidently  the  bog-iron-ore,  the 
ore  from  the  Ordovician  rocks,  and  the  claj-iron  stone  from  the 
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Bouth  of  the  oountj  and  the  Co.  Ldmeriok.  These  fnmaoes  and 
mills  were  at  work  until  the  woods  were  exhausted;  the  last  fire  put 
out  (Woodford),  about  the  year  1750,  belonged  to  the  Burkes  of 
Marble  Hill.' 

In  the  Ordopician  rooks  in  different  places  are  found,  besides 
the  iron  ore  (limonite),  small  veins  and  indications  of  lead,  sulphur* 
ore,  copper,  anthracite,  plumbago,  &c. ;  but  up  to  the  present 
time  none  of  them  have  been  worked  very  successfully. 


Cork. 

The  rocks  of  the  premier  oounty  of  Ireland  are  both  interesting 
and  peculiar.  North  of  the  valley  from  Dingle  Bay,  Co.  Kerry, 
to  Dungarvan,  Co.  Waterford,  there  is  one  type  of  Carboni- 
ferous rocks,  while  south  of  that  line  there  is  another.  In  the 
north-west  part  of  the  county,  in  the  Ballyhoura  and  Galtee 
Mountains,  there  is  Carboniferous  Sandstone^  within  the  latter  a  small 
exposure  of  Ordovicians.  Over  the  sandstone  lies  the  Carboniferous 
Limestone^  and  on  the  latter  Coal  Measure^  a  part  of  the  West 

MUNSTEK   Coal- FIELD. 

But  south  of  Dingle  Bay  and  Dungarvan  Valley  the  rocks 
have  lithological  characters,  more  or  less  peculiarly  their  own, 
which  have  lead  to  various  classifications  and  nomenclature.  The 
petrology,  or  the  geological  relative  positionsy  of  the  different  groups 
have  been  very  successfully  worked  out  by  Griffith  and  Jukes ;  but 
to  suit  the  present  ideas  their  names  require  revision,  or  rather  modi- 
fication. In  this  area  there  is  very  little  limestone,  it  only  being 
found  to  the  eastward,  while  elsewhere  it  is  replaced  by  shales, 
slates,  and  grits  {Carboniferous  Slate) ;  these  towards  the  west  are 
of  considerable  thickness,  being  much  thicker  than  the  Carboniferous 

'  In  the  Otology  of  Ireland  (1878),  chap,  xxi.,  p.  362,  and  In  other  writings  on  the 
subject,  I  have  suggested  as  probable  that  the  last  furnaces  in  which  wood  charcoal 
was  used  for  smelting  iron  were  those  of  Woodford  in  Galwaf  and  Port  Boyal  in  Majo. 
Since  then  I  find  that  the  Fort  Royal  works  appear  to  haye  been  in  existence  subse- 
quent to  those  of  Woodford ;  while  in  Leitrim  and  Sligo  there  were  fires  alight  in 
1765  and  1768|  or  nearly  twenty  years  later  than  at  Woodford.  The  fires  at  Shillalagh, 
Co.  Wicklow,  were  put  out  a  few  years  before  Chamney*s  death,  which  took  place 
in  1761.  The  Fort  Royal  works  seem,  howeyer,  to  haye  been  more  recent  than  those 
of  Sligo  and  Leitrim,  as,  about  the  year  1860,  the  old  mill  was  partly  in  existence,  the 
forge  anyil  being  still  in  fitiu^Sst  Mayo,  p.  290.} 
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liimeetoxie  of  the  Central  plain.  Under  the  Carbonif  eroas  Slate  is 
the  Yellow  Sandstone  (Ghiffith)  or  Upper  Old  Red  Sandstone  (Jukes): 
it  graduating  downwards  into  the  Devonian  or  Lower  Old  Bed 
Sandstone,  and  the  latter  into  the  Olengariff  Orits  (Jukes)  or 
Silurian  (Oriffith).  The  equivalents  of  the  groups,  as  nearly  as 
possible,  are  as  follows: — 

Cork  Type.  Central  Ireland  Type, 

^    -     .^  ,  ,  ( Carboniferous  limestone  and 

4.     Carboniferous  slate.  .     .     .     {  x  v    ^^         i.  i 

*^  '  (  Lower  limestone  shales. 

3.     Tellow  sandstone,     .     .     .       Lower  carboniferous  sandstone. 

rt   ( Devoniany  or  )  _.  ^x        .      /«x  .-r^     ,      , 

^'  I  Lower  Old  Red  Sandstone,   J  ^''^  Devonian  (P)  (England). 

1.     Olengariff  OritSj .     .     .     .       Silurian. 

The  Olengariff  (Srits  are  evidently  the  representations  of 
the  upper  beds  of  the  Silurians  of  the  Dingle  promontory,  Co. 
Kerry.  The  Devonian  {Lower  Old  Red  Sandstone)  are  in  part  the 
equivalent  of  the  Lower  Devonians  of  England.  In  Co.  Cork 
they  form  a  regular  unbroken  passage  from  the  Carboniferous  rooks 
down  into  the  Silurian;  but  in  Slieve  Mish,  Co.  Kerry  they 
are  only  in  part  represented,  the  lower  strata  being  absent,  while 
the  higher  ones  lie  direct,  but  unconformable,  on  the  Dingle 
Silurian.^  Elsewhere  in  Lreland,  except,  perhaps,  the  Fintona 
Moimtains,  counties  Fermanagh  and  Tyrone,  the  Devonian  rooks 
are  not  represented. 

The  TeUow  Sandstone  {Upper  Old  Red  Sandstoney  is  an  im- 

^  In  Slieye  Mish,  above  the  unoonfoimability  (''Inch  or  Park  conglomerate"), 
and  bdow  the  Lower  Limestone  fihalea,  there  is  a  thickness  of  some  6000  feet  of 
strata.  These  must  represent  part  of  the  rocks  (called  by  me  Devonians)  below  the 
Carboniferous  Slate,  Co.  Cork.  This  fact  seems  to  be  ignored  in  the  proposed  new 
classification  of  the  Cork  rocks. 

'  Jukes'  names  for  the  Cork  rocks,  Upper  and  Lower  Old  Bed  SandtUme,  has  been 
the  cause  of  oonsiderable  controversy  in  the  Mining  Community,  they  apparently  not 
understanding  that  they  are  petrological  or  group  names,  and  do  not  specially  refer  to 
lithological  characters,  and  that  the  rocks  of  the  groups  may  be  either  argillaceous  {thales 
and  elates)  or  arenaceous  (eatidetonee).  In  Jukes'  groups,  as  a  general  rule,  argillaceous 
rocks  (Killas  of  the  miner)  are  more  prevalent  in  the  Upper,  and  arenaceous  rocks  form 
the  majority  in  the  Lower.  In  the  Yellow  Sandstone,  or  Upper  Old  Red,  of  the 
Co.  Cork  most  of  the  Copper  veins  occur,  they  not  being  of  any  value  in  the  Lower 
Old  Red. 
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portont  group,  as  at  its  base  are  the  Metallic  schists  and  their 
assooiated  oopper  lodes. 

The  above  divisions  appear  to  be  the  true  natural  grouping  of 
the  South  Cork  rooks.  Of  late  another,  of  a  lithological  character, 
has  been  attempted ;  but  both  petrologioally  and  palsBontologically, 
and  even  in  part  lithologicallj,  it  is  evidently  incorrect. 

In  the  extensive  West  Munster  Coal-field,  only  in  this 
county,  have  productive  coals  been  found ;  while  here  they  seem 
solely  to  occur  in  a  narrow  strip  along  the  Blaokwater  valley. 
In  this  strip  the  coals  stand  at  a  high  angle,  and  appear  to  be  cut 
off  in  depth  by  nearly  horizontal  faults.  On  this  account,  unless 
an  elaborate  system  of  bore-holes  were  put  down,  it  is  perfectly 
impossible  to  even  guess,  at  the  quantity  of  unwrought  coal.  The 
coal  {anthracite)  is  of  two  distinct  qualities — hard  and  soft — ^the  soft 
flakey  kind,  or  culm,  being  greatly  in  excess  of  the  hard  and  more 
valuable  variety.  The  latter  is  very  sulphurous,  but  gives  a 
strong  heat.  These  coals  have  been  working  continually  for  a 
century  and  a-half .  According  to  the  writings  of  Qerrard  Boate 
and  Smith,  clay-iron  stone  appears  to  have  been  raised  here,  to 
mix  with  bog-iron  and  the  Devonian  ores,  for  smelting  at  the 
fomaces  presently  mentioned. 

In  the  Carboniferous  limestone  and  Sandstones,  only  a  few 
mineral  lodes  are  recorded. 

In  the  Devonians,  however,  in  the  seventeenth  century  there 
appears  to  have  been  a  large  iron  industry.  During  the  time  Sir 
Walter  Baleigh  lived  at  Youghal,  he  was  an  iron-master,  having 
mines  and  works  in  the  Devonians,  Co.  Waterf  ord ;  but  it  seems 
uncertain  if  he  did  any  work  in  this  county.  Lord  Cork,  however, 
had  works  in  divers  places.  Smith,  writing  in  1750,  mentions 
Lord  Cork's  works  at  Axaglin,  near  the  eastern  extremity  of  the 
ooimty,  and  those  of  the  Whites,  at  Coomhola  near  Glengariff, 
and  Aghadown  near  Roaring- water  bay.  Boate,  a  century  earlier 
(1652),  states  that  Lord  Cork's  works  were  near  Tullow  Bridge, 
and  the  ores  used  were  of  three  kinds — ^bog-iron  ore,  day-iron 
stone,  and  limonite  or  hematite — the  latter  probably  being  raised 
in  the  Devonian  rooks. 

During  the  present  century  there  has  been  considerable  copper- 
mining,  induced  principally  by  Colonel  Hall's  discovery,  in  1810,  of 
a  valuable  lode  at  Allihies  {Berehaven  Mines).    These  lodes  occur  in 
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the  Metalliferous  beds  at  the  junction  of  the  Yellow  Sandstone  and 
the  Devonian  rooks,  and  whenever  they  passed  out  of  the  Metallife* 
rons  beds,  either  horizontally  or  in  depth,  they  became  valueless. 
Here  the  strata  ooourred  advantageously,  being  in  a  half  bowl, 
across  which  the  lodes  {counter  lodes)  ran  both  E.  and  W.  and  N. 
and  S.  Some  of  the  continuations  of  the  lodes  at  the  surface  are 
massive,  but,  unfortunately  for  the  Mines,  once  they  pass  the 
limits  they  lose  their  copper.  These  lodes  at  the  first  produced 
large  returns ;  but  after  1860  they  began  to  fall  away,  and  now 
appear  to  be  nearly  valueless.* 

Elsewhere,  in  the  south  of  the  Oo.  Cork,  there  are  a  few 
counter  lodes ;  but^ost  of  the  copper  and  other  lodes  run  more  or 
less  with  the  strike  of  the  rocks,  only  cutting  across  the  beds  in 
depth.  On  this  account  they  are  not  so  productive ;  nor  are  they 
so  continuous  in  depth ;  because,  when  going  down,  if  they  have  to 
pass  through  one  of  the  massive  grits,  they  split  up  into  strings, 
and  nearly  invariably  die  out.  It  has  been  suggested  that  if  these 
massive  grits  were  sunk  through  the  lodes  would  again  be  found : 
this,  however,  seems  improbable,  because,  in  some  of  the  cliff  sec- 
tions, it  can  be  seen  that  such  split-up  veins  do  not  again  mass  into 
one.  Some  of  the  so-called  lodes  are  regular  beds  of  killas,  highly 
impregnated  with  grey  copper  ore.  In  different  places  rich  pockets 
have  been  found  dose  to  the  surface,  while  in  depth  the  lode  lost 
its  minerals.  As  pointed  out  by  Jukes,  the  copper  is  very  widely 
disseminated  in  the  rocks,  and  ''  it  will  be  obvious  thata  large 
quantity  of  poor  ore,  easily  accessible,  may  be  more  productive 
than  rich  ore,  or  even  the  metal  itself,  which  is  disseminated  in 
small  quantities,  or  in  situations  requiring  great  trouble  and 
expense  for  its  extraction."  In  this  portion  of  Cork  the  lodes  are 
very  deceptive,  and  it  "is  a  district  where,  perhaps  more  than 
others,  requires  great  caution,  as  well  as  skill  and  prudence  to 
mine  with  profit,  and  is  a  most  delusive  district  to  the  speculator, 
from  its  containing  so  many  of  these  specimens  of  rich  ore,  many 
of  which  have  not  indicated  the  existence  of  much  more  ore  than 
was  actually  seen  in  the  specimens." 

In  the  Metallic  shales  of  the  Yellow  Sandstone  the  prevailing 


^  On  account  of  the  Igneous  rocks  in  the  yicinity  (Cod^s  Readf  ko.)  it  is  possible, 
if  tried  in  depth,  Tin  might  be  found. 
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ores  are  yellow  and  grey  copper ;  but  when  passing  from  these  into 
the  Carbonif  erons  Slate,  and  also  in  the  latter,  the  ore  is  principally 
lead.  There  are,  however,  associated  with  the  copper  ores,  the 
ores  of  yariouB  other  minerals  [see  Lists)  enumerated  in  Part  I. 

A  peculiar  lode  occurs  at  Glandore  and  at  Bossoarbery.  It  is- 
associated  with  a  dyke  of  fault-rock,  and  has  a  back  of  iron  ore — 
in  the  latter  fissures  formed,  which  are  now|filled  with  manganese- 
ore.  It  has  been  worked  both  for  the  manganese  and  iron^ 
but  has  not  been  proved  in  depth.  Probably  it  is  a  coppery 
lode. 

Within  the  last  few  years  there  has  been  a'movement  in  favour 
of  the  West  Cork  mines,  especially  those  in*  the  Sheeps  Head  pro- 
montory. Near  Kilcrohane,  and  north-eastward  thereof,  theie 
have  been  workings  on  the  large  coppery  sulphur-ore  lodes,  and  on 
some  of  the  bedded  grey  copper  lodes.  In  these  lodes  there  ia  a 
considerable  quantity  of  arsenic  ore  {arsopyrite)y  and  in  places  the 
carbonate  and  oxides  of  copper  occur,  as  profitable  ^^  backs  "  to  the 
lodes. 

There  are  in  some  localities  large  accumulations  and  veins  of 
barytes,  while  the  copper  ores  at  Dhurode  {Carrigagat)  and  Kil- 
crohane [Sheepa  Head)  are  auriferous,  while  the  grey  copper  ore  of 
lissaremig  and  Kooska  is  argentiferous.  With  the  silver-copper 
there  is  also  silver-lead,  while  in  the  old  workings  at  Booska  they 
raised  a  considerable  quantity  of  carbonate  of  iron  [Chalyhite)^ 
which  stiU  remains  in  the  attals^  or  waste  heaps. 

Anthracite  is  stated  to  Save  been  found  at  Twomilebridge  and 
Strancally,  near  Youghal. 

Very  good  amethysts  have  been  found  in  places  in  the  Devo- 
nians, and  were  formerly  utilized. 


Donegal. 

The  principal  portion  of  this  county  is  occupied  by  Granitic 
and  Metamorphic  rocks,  they  having  in  places  on  them  small 
patches  of  Carboniferous  Sandstones^  Shales^  and  Limestones.  The 
Metamorphic  rocks,  in  1884,  were  discovered  by  the  late  Gerraid  A» 
Kinahan  to  belong  to  two  geological  periods,  the  younger  are 
Ordovicians,  and  the  older  must  be  either  Cambrians  or  Laurentians. 
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It  is  not  only  absurd  but  also  frivolous,  to  draw  in  them  imaginary 
boundaries,  and  call  a  part  Laurentian  and  a  part  Ordovioian,  as 
has  been  proposed.  The  larger  portion  of  the  G-rany  te  is  intmsiye^ 
but  associated  is  some  Metamorphio  Qranyte,  and  a  considerable 
:area  of  Ghranitio  gneiss. 

Since  the  beginning  of  the  present  century  various  explorers 
have  published  lists  of  minerals ;  but,  although  examined  by  so 
many,  only  a  few  valuable  mines  have  been  discovered.  Some 
good  silver-lead  was  found  in  the  Carboniferous  Limestone  near 
Ballyshannon,  and  in  Metamorphic  limestone  at  Killdrum,  to 
the  south-westward  of  Dunfanaghy ;  elsewhere  there  are  not  any 
metal  mines  of  note,  although  in  places  there  are  very  fair- 
looking  indications.  At  Carricknahoma,  near  Ballyshannon,  there 
is  a  lead  lode  with  a  **  back  "  of  iron  and  manganese  in  the  Oar- 
boniferous  Limestone :  this  was  worked  for  the  iron-ore  in  1884 ; 
and  30  tons  of  ore  was  shipped  for  Ballyshannon,  to  Mostyn,  on 
the  Biver  Dee,  by  Messrs.  Fathem  and  Kidd. 

CainstonCj  or  pyrophyllytey  has  been  recorded  in  a  great  many 
places,  and  the  harder  varieties  were  formerly  used  for  archi- 
tectural purposes,  while  the  fin^r  kinds  have  been  mined  and  sent 
into  the  market  as  steatyte.  Thin  beds  of  anthracyte  are  recorded 
as  having  b^en  found  at  Dromore  and  Kintale,  on  Lough  Swilly ; 
while  gold  is  said  to  have  been  detected  in  a  small  quartz  lode  in 
the  stream  that  flows  from  Lough  Knadas,  one  mile  due  east  of 
Ballyshannon. 

As  long  as  the  forests  lasted  iron  was  largely  smelted,  and  the 
remains  of  the  bloomories  and  mills  are  found  in  different  places. 
Some  bog-iron,  and  perhaps  Other  native  ores,  were  used ;  but  the 
records  state  that  large  quantities  of  ore  were  imported  into  the 
country  from  Scotland  and  England.  At  the  present  time  there 
is  an  export  trade  of  bog-iron-ore,  to  be  used  in  the  process  of 
^deaning  gas. 

Very  fair  beryls  occur  in  some  of  the  exogenous  Qxanyte  veins 
S.E.  of  Dungloe^  at  Dopcharry,  an<l  Slieve  Snaght,  barony  of 
Boylagh;  whUeQiesecke  reports  having  foui^d  greenish-gray  jade 
at  Crohy,  in  the  same  barony. 
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Down. 

The  area  within  the  limits  is  nearly  solely  occupied  by 
OrdovicianSj  which  towards  the  south  are  in  part  metamorphosed^ 
having  associated  with  them  Ghranitic  rocks  of  different  ages — Or- 
dovioian,  Triassio  (P),  and  Eocene  (P).  At  the'extreme  south  of  the 
county,  also  in  the  neighbourhood  of  Cewtle  Espie,  N.W.  of  Strang- 
ford  Lough,  are  very  small  tracts  of  Carboniferous  Liinesttones. 
On  the  shore  of  Belfast  Lough  is  a  small  exposure  of  dolomyte,. 
having  fossils  of  Permian  types;  while  in  the  valley  of  the 
Lagan,  to  the  N.W.  and  W.  of  the  coimty,  the  Trias  is  capped 
with  Cretaceous  and  Eocene  (?)  rooks. 

In  the  Cainozoic  rocks  are  thin,  valueless  beds'  of  lignyte,  and 
in  the  Trias  gypsum,  but  in  too  thin  veins  to  be  valuable. 

In  the  Ordovicians  are  numerous  small  veins  and  indications* 
of  lead  and  copper,  but  only  in  a  few  places  have  they  been  found 
rich  enough  to  work.  A  few  thin  beds  of  anthracyte  have  been 
noted  in  the  vicinity  of  Strangford  Lough. 

In  early  times  iron  was  mined  in  the  Slieve  Croob  district ; 
and  a  few  years  ago  good  hematite  was  discovered  at  Deehommed^ 
south  of  Banbridge :  this  mine  has  still  to  be  developed. 

In  exogenous  veins  in  the  Triassic(P)  Granyte  of  the  Moume 
Mountains  topazs  and  beryls  have  been  procured ;  the  localities 
being  the  N.W.  side  of  the  small  lake  on  Bingian,  on  SKeve- 
Havila,  and  the  Chinmey  Eock  Hill. 


Dublin. 

In  this  county  the  prevailing  rocks  are  Carboniferous  of  the- 
Oalp  type.  At  Howth  and  Bray  are  small  tracts  of  Cambrians. 
West  of  the  latter  is  the  N.E.  extension  of  the  Leinster  Granyte- 
range,  flanked  westward  by  Ordovicians^  in  part  metamorphic; 
while  at  Poiixaine  and  Balbriggan  there  are  small  exposures  of 
Ordo^i»\ci2, 

The  county  is  poor  in  mines,  the  lodes  found,  being  principally 
lead  and  copper.  Id  the  Granyte  at  Dalkey,  tin  is  also  recorded 
by  Griffith. 
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Bioh  Bilver-leady  with  silyer,  was  found  to  the  south  of  the 
county,  at  Ballyoorus,  and  lead  at  Shankhill  and  Bathmiohael,  at 
the  vicinity  of  the  junction  of  the  Qranyte  and  Metamorphio 
rocks.  These  lodes  are  worked  out,  hut  other  lodes  ought  to  occur 
elsewhere  in  the  vicinity  of  the  line  of  junction. 

Gold  in  small  quantities  has  been  found  in  the  Diluvium  of 
some  of  the  valleys  in  the  Ordovician. 

Beryls  have  been  found  in  the  neighbourhood  of  Killiney  and 
Dalkey,  in  Olencullen,  on  the  Three-Bock  Mountain,  and  at 
Stillorgan. 


Fermanagh. 

Westward  of  the  valley  of  the  Loughs  Erne  the  rocks  are 
Carboniferous  Limestone^  capped  by  Coal  Measures ;  while  east  of 
that  valley  there  are  Carboniferous  Limestones  and->Shales  over- 
lying a  tract  of  Silurian  rocks  (Lower  Old  Red  Sandstone).  The 
arenaceous  Carboniferous  rocks  to  the  eastward  were  mapped  by 
Griffith  as  Calp^  but  of  late  years  they  have  been  said  to  belong 
to  the  Lower  Coal  Measures.  No  good  proofs,  however,  in  favour 
of  this  change  of  classification  seem  to  be  forthcoming,  while  they 
are  very  similar  to  the  Calp  rocks  north  of  the  Tyrone  Coal-field. 

At  Lisbellaw,  S.E.  of  Upper  Lough  Erne,  is  a  small  exposure 
of  Ordovicians;  while  to  the  north  and  north-east  of  the  same  lake 
are  portions  of  the  adjoining  tracts  of  Metamorphic  rocks,  which 
may  be  either  Cambrians  or  Ordovicians. 

Except  in  connexion  with  the  day-iron-stone  in  the  Coal 
Measures,  this  coimty  is  absent  from  Griffith's  list ;  but  since  that 
was  published,  copper,  iron,  and  molybdenite  have  been  found  at 
Castle  Caldwell  in  the  Metamorphic  rocks.  No  mineral  lodes 
have  been  found  in  the  Carboniferous  limestones  or  in  the  Silu- 
rians ;  this,  however,  may  be  due  to  the  great  head  of  drift,  or 
bog,  over  those  areas. 

During  the  years  1620  to  1641  extensive  mining  and  milling 
of  iron  was  in  progress,  the  principal  works  belonging  to  Sir 
J.  Dunbar  and  Sir  L.  Bleverhasset  (Blennerhasset).  Li  latter 
years  the  iron  appears  to  have  been  also  mined  and  smelted  imtil 
the  forests  were  exhausted. 
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Galwat. 

Exoept  the  north-western  portion  of  the  oonnty  (Yar  or  West 
Gonnaoght^  the  rocks  are  principallj  Carboniferous  Limestone^ 
with  sabordinate  sandstones  and  shales ;  but  through  these  oome 
np  detadied  exposures  of  Ordociciant.  Yar  Connaught  is  occupied 
nearlj  altogether  by  metamorphosed  Ordotieians  and  Camh-ian^, 
with  their  associated  OranyUt  and  Granitic  rocks  ;  but  on  them,  to 
the  noith,  is  a  tract  of  Silurians* 

As  it  has  been  stated  that  some  of  the  Yar  Oonnaught  rdcks 
are  LaurentianSy  it  maj  be  pointed  out  that  when  Murchifion 
some  years  ago  suggested  that  the  oldest  rocks  of  the  county, 
those  of  the  Bennabeola  Hills,  were  of  that  age,  he  afterwaids 
found  reasons  to  withdraw  his  suggestion ;  while  the  rocks  now 
stated  to  be  of  that  age  carry  fossils  of  liandeilo  types. 

In  the  Carbomferous  limestones  some  good  and  rich  silver-lead 
aooumulations  have  been  worked ;  but  unfortunately,  as  at  Caher- 
glassaUy  near  Qort,  and  elsewhere,  on  account  of  the  oavemoiis 
nature  of  the  rock,  and  the  low  altitude  of  the  county,  they  can- 
not be  profitably  worked,  the  influx  of  water  being  too  great. 
Some  of  the  lead  mines  in  the  south-east  of  the  county  are 
supposed  to  be  prehistoric,  not  having  been  worked  since  1640, 
and  probably  not  for  centuries  previous. 

In  the  Metamorphic  and  Granitic  rocks  are  many  lodes  and 
indications  of  copper,  sulphur  ores,  lead,  and  sine;  some  very 
rioh  bunches  having  been  already  extracted.  All  the  mining 
operations  in  the  area  have  been  on  a  small  scale,  proving  the 
lodes  at  the  surfacd,  but  not  in  depth ;  and  from  what  is  now 
known  it  would  appear  as  if  at  some  future  time  it  might  be  the 
aeat  ol  larg^  and  remunerative  mining  operations,  more  e^» 
pedallj^  if  reducing  works  Were  erected  in  the  county,  as,  <)■ 
aoDOunt  oi  the  gr^t  preponderance  of  sulpbut  ores  {pyrite  and 
j)yrhQtite\  the  ores  in  their  raw  state  wQI  not  bear  the  expense  of 
loqg  earri^ge. 

At  intervals  between  1620  to  1750  iron  was  extensively 
smelted  and  aailled  in  different  plaoee  along  Lough  Derg,  tba 
kst  funkscd  alight  being  that  of  Woodford,  belonging  Ui  the 
Burkes  of  Karbla  HiU.    In  these  fumacis  the  bog-iron-ore 


Digitized  by  LjOOQ IC 


KiNAHAN — On  Irinh  Metal  Mining.  281 

in  part  used ;  but  it  was  mixed  with  olay-iron-stone  from  counties 
limeriok  and  Glare,  and  limonite  from  Tomgranej,  Go.  Glare, 
brought  up  the  Shannon  in  boats ;  the  f  umaoe  and  mills  being 
erected  hereabouts,  on  account  of  the  vast  forests  in  the  neighbour- 
ing hills. 

There  were  also  furnaces  in  places  on  the  western  coast  :  to 
these  foreign  ore  was  brought  by  sea,  to  be  mixed  with  the  native 
bog-iron-ore. 

The  native  sulphur  found  in  the  limestone  at  Oughterard 
-seems  to  be  long  known,  as  the  ancient  name  of  the  river  is 
Owenriff,  anglice  Brimstone  Biver.  Blue  fluor  spar  occurs  at  Ju- 
verin,  west  of  Spiddal,  while  pale-bluish,  greenish,  and  yellowish 
tiuisluoent  varieties  were  found  at  G-lengowIa,  near  Oughterard. 


KSRSY^ 

In  the  south-west  of  the  county,  including  the  promontory  of 
leveragh  and  the  Killamey  hillp,  are  Devonians  and  Silurians 
similar  to  those  of  West  Cork  (see  page  273),  having  on  them, 
Alongside  the  bay  called  Eenmare  Biver,  Yellow  Sandstone  and 
Carboniferous  Slate;  but  eastward,  at  Kenmare,  these  are  replaced 
by  cleaved  Limestone  %nd  Lower  Limestone  Shaky  or  the  transition 
rocks  between  those  of  the  West  Gork  types  and  those  of  the 
dentral  plain  types  (  Vest  Cork  rocky  p.  273). 

In  thQ  Dingle  promontoi^p^  there  are  Silurians  and  Ordovicians. 
To  the  northward  and  eastward  (Slieve  Mish)  these  are  capped 
Tinconformably  by  rooks  that  represent  the  upper  portions  of  the 
Devonian  rocks  of  West  Cork;  while  further  northward  in  the 
Kerry  Head  promontory  are  similar  rocks.  The  Kerry  Head 
and  Slieve  Mish  Devonians  He  conformable  under  the  Carboniferous 
Sandstone  Shales  and  Limestones  of  the  low  country  to  the  eastward, 
the  latter  being  capped  by  Coal  ifeasures^  a  part  of  the  exteni^ve 
West  Munster  Goal-field. 

As  has  been  mentioned,  in  the  resume  on  Cork,  the  co&ls 
known  in  the  Kerry  portion  of  this  field  are  oJF  little  value,  while 
there  are  small  prospects  of  better  being  found.  In  general  the^ 
4ire  more  o^  less  culm,  or  thin.  Not  much  day-irqn-stone  za 
^aporded ;  some,  however,  waft  raided  in  old  times. 
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In  the  Carboniferous  Limestone  silver-lead  and  silver  oocnr  in 
various  places ;  but,  except  in  the  Killamey  distrioty  the  lodes  or 
strings  in  general  haye  not  been  very  large.  The  Eillamey  lodes 
have  been  long  known,  haying  been  worked  in  the  elevenih 
oentniy.  Nemins,  writing  at  the  time,  states :  oopper,  lead,  tin, 
and  iron  were  found  there.  Smith,  in  his  history,  also  says  he 
found  some  tin-ore ;  but  in  subsequent  time  it  has  been  unknown, 
and  never  was  worked. 

When  working  the  copper  mine  at  Muokross,  in  1794,  M. 
Raspe  disooYered  cobalt,  bloom  and  grey  cobalt.  After  the  dis- 
covery  little  remained  to  be  utilized,  as  all  ilie  accumulation, 
except  about  twenty  tons,  had  been  run  into  the  lake  as  rubhisb. 
The  small  portion  saved  had  been  surreptitiously  carried  away  bj 
a  miner  who  recc^nized  it  as  Erythrite  (Kane). 

Near  Castleisland  there  is  a  slate,  called  Lapis  IRbemum^ 
which  was  formerly  worked  ^d  carted  to  Tralee,  to  be  used  in 
the  manufacture  of  copperas.  This  industry  had,  however,  to  be 
abandoned,  on  account  of  the  difficulty  and  expense  of  the  cai^ 
riage  of  the  copperas  to  the  nearest  market. 

In  the  seventeenth  century,  on  account  of  the  extensive  foreets^ 
various  iron  furnaces  were  erected  in  places  along  the  coast,  to- 
which  iron-ore  was  imported.  The  Earl  of  Cork,  however,  seems 
to  have  smelted  native  ore  near  the  south  of  the  country,  while 
there  are  also  the  ruins  of  furnaces  and  works  at  Elillainey. 

Iiewis  records  copper  pyrites  as  having  been  found  prior  to 
1837  in  Olanerought 

A  vein  of  amethyst  of  a  very  beautiful  colour,  near  £erry 
Head,  was  formerly  used  for  jewellery. 

KlLDAEB. 

This  county  is  situated  near  the  eastern  margin  of  the  great 
central  area  of  Carboniferous  Limestones^  which,  to  the  eastward^ 
•except  south  of  Celbridge,  seem  to  lie  direct  on  the  Ordovidam. 
South  of  Celbridgp  to  the  east  of  Ballitore,  and  in  connexion  with 
t  he  Chair  of  Ealdare  range  of  hiUs  are  small  tracts  of  Lower  Car- 
boniferous Sandstone^  with  an  exposure  of  Ordoviddns  in  the  last. 
At  the  eastern  margin  of  the  county,  intruding  into  the  Qrdo- 
vidans,  there  is  Granyte. 
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The  oounty  in  general  is  covered  by  drift,  or  bog,  and  only  in 
A  few  places  have  mineral  yeinsbeen  discovered.  Lead  was  mined 
ut  Wheatfield,  near  Gelbridge,  in  1828  ;  while  Lewis  records 
copper  and  iron  as  having  been  found  in  the  Ordovician  rooks 
of  Dmunurry,  near  Kildare,  in  1786. 

No  gold  is  now  found  in  the  county ;  yet  tradition  has  it,  that 
ancient  Placers  were  worked  somewhere  near  Ballymore-Eustace. 
At  one  time  the  Upper  Liffey,  above  Poulaphuoa,  must  have  run 
northward  along  the  flats  at  the  mearing  of  Wicklow  and  Kildare 
to  join  into  the  Slaney  at  Baltinglass;  and  it  is  possible  that 
somewhere  in  these  ancient  river-gravels  the  traditional  Placers, 
were  situated. 

In  the  counties  Dublin,  Wicklow,  and  Wexford,  to  the  east- 
ward of  the  Leinster  Granyte  range,  in  the  Metamorphic  Ordo- 
vicians,  are  mineral  veins;  while,  as  pointed  out  by  previous 
writers,  none  have  been  found  in  the  similar  rocks  westward  of 
the  Gb^nyte,  except  the  iron  vein  in  Glenasplinkeen,  Co.  Wicklow. 
This  possibly  may  be  due  to  the  deep  limestone  gravel,  extending* 
from  the  plain  up  untp  the  Granyte,  often  to  the  height  of  400 
feet,  and  in  places  to  500  feet  or  more,  thus  preventing  the  Meta- 
morphic rocks  being  properly  seen  or  examined;  as  eastward  of 
the  range,  where  the  mineral  veins  have  been  found,  these  drifts 
rarely  occur  above  the  250  feet  contour  line.  Similarly  in  the  Co. 
Wexford,  to  the  eastward  of  the  range,  where  the  rocks  are  more 
blinded  by  this  drift,  the  mineral  localities  known,  are  fewer  than 
in  the  Co.  Wicklow. 

Kilkenny.  ' 

To  the  south-east  of  the  county  there  is  an  area  of  Ordovicians^ 
having  in  it  intrudes  of  Granyte  ;  while  to  the  west,  and  extend- 
ing into  the  Co.  Tipperary,  is  a  small  exposure  of  Ordovieiann, 
Margining  the  Ordovicians  is  Lower  Carboniferous  Sandstone^  and 
on  it  Carboniferous  Limestotte ;  while  to  the  northward,  surmounting^ 
all,  are  Coal  Measures,  a  part  of  the  Leinster  Coal-field. 

As  the  anthraoyte  was  first  worked  in  Kilkenny  by  the  English^ 
the  general  name  of  "Kilkenny  coal"  has  been  given  to  this 
Irish  coal ;  we  may  therefore  here  give  a  restime  of  the  history  of 
the  field. 
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In  old  times  iron-ore  was  raised  and  wrought  in  the  Lbinster 
Coal-field,  but  when,  and  by  whom,  does  not  appear  to  be  now 
known,  the  first  authentic  records  being  those  of  the  English, 
between  1615  and  1641.  At  this  time  Christopher  Wandesford 
had  extensive  mines  and  works,  principally  in  Idrone,  Co.  Carlow, 
where,  besides  other  things,  he  cast  and  wrought  ordnance.  Sir 
Charles  Coote  had  large  workings  in  the  Queen's  Co.^  his  furnaces 
«nd  mills  being  at  Mountrath ;  while  in  the  same  county  Lord 
Londonderry  had  a  furnace  and  mills  at  Ballynakill,  and  Sergeant 
Piggoth  at  Dysert.*  All  these  appear  to  have  been  burnt  down  in 
1641,  but  were  afterwards  rebuilt,  and  the  manufacture  was 
^)arried  on  as  long  as  the  forest  lasted.  It  is  said  that  after  1728 
•attempts  had  been  made  to  smelt  the  iron-ore  with  the  anthra- 
^yte,  but  none  of  them  were  successful. 

According  to  Boate,  coal  was  first  discovered  near  Wandesf ord's 
furnace  in  Idrone,  Co.  Carlow,  between  1630  and'40,  while  the  miners 
were  raising  the  olay-iron -stone.  He  states  that  the  county  people 
worked  it  along  the  edge,  or  basset,  for  their  own  use,  but 
suggests  that  when  the  forests  were  exhausted  it  might  come  in 
handy.  But  the  first  pit  opened  was  not  till  1728,  either  in 
Carlow  or  the  adjoining  portion  of  Kilkenny.  Here  the  coal  was 
found  to  be  bad,  and  other  pits  were  sunk  in  Coolbaun  Hill, 
near  Castlecomer,  where  three  seams  were  found  and  successfully 
worked.  Besides  these  three  coals,  which  are  only  found  in  Cool- 
bairn  Hill,  others  that  have  been  found  profitable  to  work  are 
t/ie  Old  Colliery  Three-foot  Coal^  the  Mushen  or  Moduheagh  Coal^  and 
a  curious  channel  called  the  Jarroto  Coaly  which  occurs  in  connexion 
with  the  Old  One-foot  CoaL 

The  Old  Colliery  Three-foot  is  practically  worked  out ;  what 
little  that  remains  would  scarcely  pay  for  the  getting.  The  One- 
foot  Coal,  which  is  often  only  five  or  six  inches  high,  does  not  pay 
for  working ;  but  the  Jarrow  Channel,  in  connexion  with  it,  has 
been  very  profitable.  Unfortunately  it  was  only  of  limited 
extent,  occurring  in  a  semicircle  to  the  north  of  Coolbaun  Hill, 
and  in  a  nearly  straight  line  to  the  south  of  it.  Of  this  ooal 
there  now  remains  about  a  mile  and  a-fatdf  in  length  to  the  north 
of  Coolbaun,  and  about  two  miles  to  the  south.    According  to 

>  8ee  Pjscrt,  Emg>  Co.»  p.  286. 
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Mr.  Dobbs'  estimate  it  is  profitable  for  a  width  of  400  yards,  and 
is  of  an  average  height  of  three  feet.  If  every  oubio  yard  is  equal 
to  a  ton  of  coal,  we  have  in  these  portions  of  the  channel  about 
2,600,000  tons  of  unwrought  coal.  There  are  outlying  portions 
of  this  channel  still  unworked,  which  may  contain  something 
between  250,000  and  500,000  tons  of  coal.  If  the  highest  figure 
is  taken,  which  is  probably  above  the  estimate,  there  will  be  les» 
than  3,000,000  of  tons  of  unwrought  coal. 

The  only  other  coal  available  is  the  Mobubeagh  Goal.  This,, 
under  the  name  of  Towlerton  Coal,  Mr.  Hull  estimates  as  pro-- 
fitable,  about  10,000,000  tons.  This  estimate,  however,  is  evidently 
excessive,  the  coal  being  taken  as  two  feet  high,  while  it  rarely 
exceeds  one  foot  nine  inches,  and  in  places  has  thined  to  nearly 
half  that  height.  A  foot  coal  would  be  valueless,  as,  on  account 
of  its  great  depth  from  the  surface  (about  216  yards  below  the  Old 
Three-foot  Coalj,  the  cost  of  "  getting  '*  would  exceed  the  value  of 
the  coal.  Whether  it  is  of  any  value  cannot  be  known  until  a 
bore-hole  is  put  down  somewhere  near  the  centre  of  the  colliery. 
At  no  time  was  there  much  profitable  coal  in  the  field.  It  began 
to  be  mined  about  a  century  and  a-half  ago  (1728),  and  now  it  i& 
nearly  exhausted. 

The  anthracite  is  of  four  classes — stone  coal;  kennel^  or  hard 
compact  shaly  coal ;  culm^  or  friable  fiaky  coal;  and  kelve^  or  shaly 
earthy,  impure  coal. 

Very  few  mineral  veins  have  been  found  in  the  county.  In 
the  valley  of  the  Nore  was  the  silver  mine  called  Argetros, 
which,  according  to  the  Annals,  was  worked  a.  m.  3817.  In  this^ 
valley  silver  and  lead  have  been  foimd  at  Ballygallon,  near 
Inistioge,  and  Knockadrian,  near  Ejiocktopher :  at  the  latter  place,, 
recently,  they  were  worked  for  some  years  successfully. 

Kino's  County. 

The  majority  of  the  rocks  within  the  limits  of  this  very  irregu- 
lar county  belong  to  the  Carboniferous  Limestone.  In  these  are  a  few 
exposures  of  Sandstone^  and  to  the  north  of  Phillipstown  an  intrude 
of  Whinstone.  At  the  south-east  is  a  portion  of  Slieve  Bloom, 
wherein  is  found  an  exposure  of  Ordovicians&BLnkeihj  Carboni/erom 
Sandstones. 
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As  the  county  is  for  the  most  part  enveloped  in  drift  or  bog, 
only  a  few  mineral  veins  have  been  found,  although  it  is  possible 
more  may  exist,  chalybeate  springs  being  so  numerous ;  some  of  the 
latter,  however,  are  evidently  due  to  the  decomposition  of  the 
pyrites  in  the  Oalp.  A  lead  mine  was  for  a  time  woiked  at 
Edendeny. 

Boate  mentions  that  prior  to  1640,  Sergeant-Major  Pigott 
mined  and  smelted  iron  ore  {Umonite?)  at  ^'  Dysert  lands ''  in  '*  the 
King's  County,"  and  from  his  account  the  mining  works  must 
have  been  extensive.  At  the  same  time  Sir  Adam  Loftus,  Yisoount 
of  Ely,  had  works  near  Mountmelliok,  but  where  he  procured  the 
ore  is  not  stated. 

The  mearings  of  the  King's  and  Queen's  counties  have  been 
ehanged  at  different  times,  and  portions  that  were  in  the  King's 
County  in  Boate's  time  may  now  be  in  the  Queen's :  the  place, 
Dysert  Land,  has  not  been  localissed,  and  possibly  it  may  be  the 
iron  mines  at  Desert  in  the  Queen's  County  (Sheets  13  and  18), 
now  the  property  of  Lord  Carew. 


Leitrim. 

Nearly  the  whole  of  Leitrim  is  occupied  by  Carboniferous  rocks, 
including  a  portion  of  the  Connauoht  Coal-fielb.  At  Manor- 
hamilton,  coming  in  from  the  Co.  Sligo,  is  a  narrow  exposure  of 
Metamorphic  rocks,  probably  of  Cambrian  age,  but  possibly  older. 
At  the  south-east  of  the  county  is  the  marginal  portion  of  a  tract 
of  Ordoviciana ;  while  a  little  exposure  of  similar  rocks,  surrounded 
by  Carboniferom  Sandstone,  appears  to  the  south-east,  dose  to  the 
Shannon. 

The  coals  and  the  working  of  iron  in  the  Connaught  Coal- 
field is  given  in  the  description  of  the  Co.  Cavan,  page  267.  Be- 
sides the  clay-iron-stone  of  the  Coal  Measures  and  the  bog-iron-ore 
liilionite  was  also  mined  and  smelted  in  the  seventeenth  and 
eighteenth  centuries  procured  from  the  Ordovicians  at  Qortinee, 
south-east  of  Drumsna  near  the  Shannon.  In  late  years,  between 
1860  and  1880,  some  ore  was  also  raised  here,  and  exported  to 
England. 

In  the  Metamorphic  Cambrians  (P)  at  Qortnaskeagh,  PoUboy, 
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And  Shanvans,  N.  W.  of  Manorhamilton,  copper  was  mined  prior 
to  184,5  while  lead  was  raised  in  the  adjoining  mine  of  Twigspark. 
The  lodes  at  PoUboy  and  Shanvans,  although  in  the  Metamorphic 
rocks  appear  to  have  been  of  Carboniferous  or  of  part  Carboniferous 
age ;  as  associated  with  the  ores,  **  copper  with  a  little  lead/'  there 
was  Dolomyte.  From  the  position  of  the  lodes  it  may  be  suggested 
that  they  are  "  contact  lodes,"  at  the  junction  of  the  Carboniferous 
and  the  Metamorphic  rocks,  they  belonging  to  the  same  class  of 
lodes  as  the  great  lode  at  Silvermines,  Co.  Tipperary.  Along  the 
line  of  contact  there  ought  to  be  other  deposits  not  yet  discovered. 
The  old  attals  and  shafts  prove  early  mining  operations ;  but 
the  date  at  which  the  lode  wsa  first  worked  seems  to  be  now  un- 
known. 

Limerick. 

To  the  south-east,  coming  in  from  the  Co.  Tipperary  (a  part  of 
Slieve  Phelim)  are  Ordovidan  rocks,  capped  by  Carboniferous  Sand- 
stones (Upper  Old  Red) ;  while  the  rest  of  the  area  is  occupied  by 
limestone  or  other  Carboniferous  rocks.  To  the  west  there  are  Coal 
Measures^  a  part  of  the  West  Munster  Coal-field  ;  while  between 
these  bills  and  those  of  Slieve  Fhelim  the  plain  is  principally 
occupied  by  the  Carboniferous  LiinesUme,  but  having  associated  with 
it  beds  and  intrudes  of  Volcanic  rocks  and  a  few  outlying  Sandstone 
exposures. 

At  Ballybrood  there  is  a  small  patch  of  Coal  Measure  sur- 
rounded by  Volcanic  to(Al&  ;  the  latter  possibly  represent  the  ruined 
walls  of  a  Carboniferous  Volcano. 

As  has  been  mentioned  in  the  description  of  the  Co.  Cork,  the 
coals  in  the  Co.  Limerick  are  thin :  formerly  they  were  worked  at 
or  near  their  outcrop ;  but  no  deep  trials  has  been  satisfactory,  the 
coals  proved,  not  to  be  sufficient  in  quantity  or  quality  to  pay  for 
deep  workings.  Iron  ore,  in  the  seventeenth  and  early  part  of  the 
eighteenth  centuries  seems  to  have  been  extensively  worked,  especi- 
ally in  the  vicinity  of  the  Shannon ;  partly  to  supply  the  furnaces 
near  Glin  and  Loughill,  and  in  part  to  be  sent  by  boat  up  the 
Shannon  for  the  use  of  the  furnaces  and  mills  in  the  vicinity  of 
Lough  Derg. 

In  the  Co.  Limerick,  more  than  elsewhere  in  Ireland,  the 
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Carboniferous  limestone  is  divided  into  Lower  Shaly  Liiiiestoxie' 
Fenistella  Limestone,  and  Calp ;  the  latter  in  part  of  the  Barren  type. 
Above  and  below  the  Fenestella  Limestone  are  well-marked  cherty 
zones,  and  below  both  of  these,  especiallj  the  first,  mineral  aoou- 
mulations  occur.  Some  rich  pockets  and  shoots  were  found  and 
worked  out  prior  to  1850 ;  while  since  then  lead  has  been  found 
in  a  few  places,  but  the  extent  of  the  deposits  have  not  been  proyed. 
According  to  Lewis  (1837),  '^  there  are  indications  of  a  valuable 
mineral  ore  near  Tory  Hill; "  no  trials,  however,  seem  to  have  been 
made  thereabouts. 

In  the  Carboniferous  Sandstone  and  the  Ordovicians  a  few  small 
veins  with  copper  have  been  found,  but  not  sufficient  to  make 
mines. 

Large  amethysts  and  cairngorms  are  found  near  Shanid  Castle 
and  Foynes. 

LONDONDBRRT. 

At  the  east  of  the  county,  extending  in  from  the  Co.  Antrim, 
there  is  a  tract  of  Eocene  (?)  Doleryte^  which  overlies  the  CretaceouSj 
Jurassic^  Triamc^  and  Carboniferous  rocks.  To  the  northward  the 
rocks  of  these  older  formations,  except  the  Carboniferous,  form 
more  or  less  narrow,  continuous,  successive  strips,  margining  the 
Doleryte;  but  southward  the  latter  more  or  less  overlaps  them 
all.  The  Carboniferous  rocks  are  for  the  most  part  of  the  North  of 
Ireland  "  Calp  type ; "  but  in  places  there  are  good  limestones, 
and  in  others  sandstones  and  conglomerates  of  the  Lower  Carbonife- 
rous  types.  The  Carboniferous  rocks  were  evidently  accumulated 
in  valleys  in  the  older  Metamorphic  rocks,  which  occupy  the  rest 
of  the  area,  and  therefrom  into  the  counties  of  Donegal  and  Tyrone. 
They  are  probably  of  Ordovician  age.  With  the  Metamorphic 
rocks  are  associated  intrudes  of  Granyte. 

In  the  Eocene  (P)  Diorytes,  as  in  the  Co.  Antrim,  there  are 
beds  of  iron-ore ;  but  not  as  numerous  or  valuable.  In  the  Calp 
shales  near  Draperstown  are  day-iron-stone  bands  and  nodules : 
worked  by  Bennie,  and  smelted  in  the  valley  of  the  Moyola,  prior 
to  1640.  This  Iron  Master  also  mined  hematite  and  limonite  in 
the  Ordovician  and  Granyte  rocks.  Between  1860  and  1870 
openings  were  made  on  these  lodes,  but  no  permanent  work  done. 
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<m  aooonnt  of  the  depression  in  the  iron  trade.  In  the  Ordovioian 
rooks  the  iron  in  general,  is  associated  with  manganese. 

Traces  of  copper  and  sulphnr  ores  have  been  found  in  the  rocks 
(Ordovicians)  of  the  BallTnascreen  mountains,  but  none  of  the  veins 
have  been  opened  up. 

Prior  to  1641  Boate  records  gold  as  occurring  in  the  gravels  of 
the  Mojola  river,  but  since  then  none  seems  to  have  been  found. 

There  is  a  possibility  that  Goal  Measures,  with  profitable  coals 
may  jet  be  found  tmder  the  Trias  at  the  south-east  of  the  county.--* 
See  Ubter  Coal-field,  Co.  Tyrone,  p.  298. 

Portlock  calls  attention  to  large  beds  of  ochre  at  Aughlish  and 
Tamnagh,  in  the  parish  of  Banagher,  and  Glenviggan  in  the 
parish  of  Ballinascreen,  as  suitable  for  making  red  paint,  similar 
to  that  employed  in  Sweden  to  paint  and  preserve  the  wooden 
houses.  The  surface  deposits,  or  bog-iron-ore,  is  in  places  at 
present  exported,  to  be  used  in  the  purification  of  gas. 


LONGFOBD. 

In  the  north-east  of  the  county,  coming  in  from  the  Co.  Cavan, 
is  the  margin  of  a  tract  of  Ordovician  rocks.  The  rest  of  the  area 
is  principally  Carboniferous  Limestones,  with,  to  the  north,  a  margin 
of  Carboni/erotis  Sandstones  and  Shales.  In  a  few  places  are  small 
protrudes  of  Ordovicians,  associated  with  Carboniferous  Sandstones. 

The  localities  for  minerals  are  few  {see  Lists) ;  the  most  im- 
portant are  the  iron  lodes  at  Cleenragh  and  Enaghan,  near  Lough 
Gt>wna.  These  were  worked  in  the  seventeenth  century,  and  also 
prior  to  1870,  by  Dr.  Bitchie  of  Belfast*  In  the  earlier  times 
they  seem  to  have  been  smelted  in  the  county,  but  Bitchie  ex- 
ported them,  carrying  them  across  the  lake  in  boats,  and  thence 
by  rail  to  the  port.  Silver-lead  is  recorded  as  occurring  in  the 
Carboniferous  limestones  at  Longford. 


Louth. 

The  major  portion  of  this  area  is  occupied  by  Ordovician  rocks, 
on  which,  to  the  south,  west,  north,  and  north-east,  are  suLali 
tracts  of  Carboniferous  Limestones,  tvith  its  Sandstones  and  Shahs. 
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To  tlie  north  e>iit|  fomiiiig  «  Iiillj  oountry  Bouth-west  of  Calling^ 
ford  Lough,  are  peonliar  OramUie  and  other  Intnmpe  rock». 

In  different  pboes  in  the  OrdoviGUtnB,  Teins  of  lead  and  copper 
hftTe  beoi  found,  and  at  Joneeboroogh  antimony;  while  mines 
were  woAed  about  the  year  1840  at  Saltentown,  and  near  Clogher 
At  the  junctiiMia  of  the  Gbanyte  and  theOrdovioians  traoee  of  lead. 
ooonr  in  diffetent  plaoea. 

Near  Clogher  Head  there  is  a  poor  iron-ore,  and  in  different 
places  in  the  hills  are  the  ruins  of  old  iron  works :  the  ore  for  the 
latter  may  have  been  impoited. 


Mato. 

In  this  county  about  half  the  area  is  occupied  by  Metamofphie 
rocks  (probably  OrdocieUmB  and  Camhriam)  and  their  assooiated 
Granites.  Some  of  the  Metamorphic  rocks  are  said  to  be  Laa- 
rentians,  but  lithologioaUy,  and  apparently  petrologioally,  the 
younger  rooks  of  the  series  are  similar  to  the  Go.  Ghdway  rods 
that  carry  foedls  of  Uandeilo  types.  On  them,  to  the  sonth- 
west,  and  extending  into  the  Co.  Ghdway,  are  Silurians;  while 
smaller  tracts  of  the  same  age  occur  south,  west,  north,  and  north- 
east of  Clew  Bay,  the  last  in  Croagh  Moyle,  being  the  largest. 
The  rest  of  the  area  is  occupied  by  Carboniferous  rocks.  Coal 
Measures^  &c. 

A  valueless  coal  occurs  in  the  Coal  Measure,  but  assodated, 
with  it  is  clay-iron-stone,  that  was  worked  to  be  smelted  in 
Gildeas*  furnace  at  Port  BoyaL 

Ldmonite,  or  hematite,  was  mined  in  Cross  and  Tallaghan, 
barony  of  Eiris,  and  in  the  Cloonaghan  and  Deel  river  valleys, 
barony  of  Tirawley.  Formerly  Sir  GFeorge  Shaen  smelted  and 
milled  iron  near  the  Mullet ;  while  a  little  later  Eutledge  had 
works  on  the  Deel.  Both  these  Iron  Masters  had  to  discontinue 
their  works  for  want  of  fuel  when  the  woods  were  exhausted. 

At  Port  Boyal,  near  Ballinrobe,  the  Qildeas,  in  Charles  n.'s 
time,  were  given  a  grant  of  land,  in  which  they  mined  and 
smelted  iron.  The  ore  principally  used  was  bog-iron-ore,  mixed 
with  the  clay-iron-stone  raised  near  Bella,  some  miles  to  the 
north ;  while  tradition  has  it  that  they  also  procured  limonite 
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from  the  neighbouring  Silurian  and  Ordovioian  hills.  The  f ornaoe 
at  Port  Itoyal  is  supposed  to  have  been  put  out  at  the  end  of  the 
eighteenth  oenturj,  being  one  of  the  last  wood  oharooal  furnaces 
alight. 

Very  few  other  mineral  veins  are  recorded,  those  named  being 
ores  of  copper,  sulphur,  and  lead.  A  silver-lead  mine  was 
formerly  worked  at  Sheefry,  between  Westport  and  Killary 
Bay ;  while  trials  were  made  on  coppery  lodes  in  Corraun  Achill. 
On  account  of  the  great  area  of  the  county,  and  the  favourable 
nature  of  the  rocks,  in  places,  it  would  appear  possible,  if  proper 
search  was  made,  that  some  profitable  lodes  might  be  found. 
Lewis  states  ^^  rich  deposits  of  manganese  have  been  found  in  the 
neighbourhood  of  Westport." 


Mbath. 

To  the  south-east  of  this  county,  near  Balbriggan,  also  north 
of  the  valley  of  the  Boyne,  there  are  tracts  of  Ordovicians ;  while 
the  rest  of  the  area  is  nearly  solely  occupied  by  Carboniferous 
Limestones^  principally  of  the  "  Oalp  type."  On  it,  in  places,  are 
small  patches  of  Coal  Measure  Shales ;  while  to  the  north,  coming 
in  from  the  county  Monaghan,  is  the  south  end  of  a  small  tract  of 
TriaSy  associated  with  a  patch  of  Coal  Measures. 

In  the  Trias  there  is  gypsum,  formerly  mined  {Monaghan, 
page  252) ;  and  in  the  adjoining  Goal  Measures  there  is  a  thin 
cosJ,  that  was  worked  a  little,  along  its  outcrop.  Although  pro* 
fitable  copper  lodes  are  not  usually  found  in  the  Irish  Garbonife«- 
reus  Limestone,  yet  about  1800  copper-ore  was  raised  at  three 
places  near  Walterstown;  and  subsequently  at  Beaupark,  near 
Slane.  Also  in  the  Carboniferous  Limestone,  lead  was  worked  at 
Athboy ;  while  in  the  Ordovicians  at  Glogher,  near  Ardcath,  there 
is  a  lead  mine,  considered  by  Griffith  to  be  very  smcient.  Lewis 
reports  a  "rich  copper  lode,"  near  the  banks  of  the  Boyne, 
<<  unworkable  profitably  on  account  of  the  influx  of  water." 


X2 
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MONAGHAK. 

Both  to  the  north  and  south  are  tracts  of  Carboniferous  rocb; 
while  on  the  latter  is  a  small  outljer  of  JMaSy  mai^fined  eastward 
bj  Coal  Measures.  Nearly  all  the  rest  of  the  area  is  oocupied  by 
Ordovicians. 

In  the  Trias  to  the  S. W.  of  Garriokmacross  there  is  a  consider- 
able deposit  of  gypsum,  some  time  since  mined  and  manufactured 
into  "Plaster  of  Paris"  at  SInooknacran,  until  the  works  wer^ 
burned  down  about  the  je%u^869.  In  the  Goal  Measure  is  a 
valueless  coal,  while  other  valueless  coals  occur  to  the  north  of  the 
county,  near  Slievebeagh.  The  tumblers  of  limonite  found  S.E. 
of  Kingscourt  are  mentioned  in  the  "  Iron  list/'  Part  I. 

Veins  of  lead-ore  have  been  found  in  numerous  places,  thoae 
at  lisglassan  and  Tullybuck  being  associated  with  antimony; 
while  in  other  places  there  was  barytes,  or  a  little  zinc  Lewis 
states  that  in  the  "  Greina  Hills''  there  had  been  works  for  reducang 
lead ;  but  they  were  abandoned  some  years  prior  to  1838. 

The  majority  of  the  mines  recorded  in  this  county  seem  to 
have  been  worked  between  1830  and  1855,  but  some  before  these 
dates.  The  lodes  in  this  county  appear  in  general  to  have  been 
small ;  but,  on  account  of  their  number,  also  that  others  occur  ia 
the  neighbouring  counties  of  Gavan,  Armagh,  and  Liouth,  it 
would  appear  that  mining  might  be  remunerative  when  trade 
revives ;  especially  if  reducing  works,  calculated  to  utilize  all  the 
mineral  products  were  erected  at  a  good  centre. 


Qubbn's  Gountt. 

Slieve  Bloom,  which  lies  to  the  north-west  of  the  county,  haa 
a  nucleus  of  Ordovidans^  the  slopes  of  these^hills  being  Carban^e^ 
rous  Sandstones  and  Shales.  The  rest  of  the  area  is  occupied  by 
Carboniferous  Limestones  and  Coal  Measures^  the  latter  being  a 
portion  of  the  Leinstrr  Goal-field. 

The  iron  ore  and  coals  have  already  been  described  with  those 
of  the  Go.  '.Kilkenny  (page  283).    In  this  [county  coal  was  first 
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<li6oov6Fed  at  Gale  and  Gullenagh  TTilla  while  working  the  iron- 
ores.  The  "(Jale  Hill  ooal*'  is  interesting,  as  one  of  the  first 
discovered ;  but  is  also  important  beoause  a  little  below  it,  is 
the  great  horizon  where  the  iron-ore  was  worked  in  the  seven- 
teenth century.  For  no  apparent  reason,  except  it  may  be  to 
introduce  a  new  set  of  names  for  the  coals,  this  coal  has  been 
ignored  in  the  second  "  Geological  Survey  Memoir,"  published  in 
1881  [Parts  of  sheets,  127,  128,  136,  137,  &c.,  by  Messrs.  Hull  and 
Hardman) ;  although  the  same  coal,  under  a  new  name,  is  recog- 
nized in  other  places.  After  Wandesford,  in  1728,  commenced 
to  mine  in  the  Co.  Elilkenny,  the  Grand  Canal  Company  and 
others  put  down  a  number  of  bore-holes  in  this  county,  thereby 
proving  the  extension  of  the  Elilkenny  coals.  These  coals,  how- 
ever, are  now  nearly  worked  out  (page  286). 

The  iron  xnining,  smelting,  and  working  {List  of  Iron  Masters, 
page  259)  were  considerable,  both  before  and  after  1641,  and  only 
ceased  when,  the  forests  were  exhausted.  At  Dysert,  near  Mary- 
borough, the  property  of  Lord  Carew,  are  limonite  veins,  formerly 
extensively  worked;  there,  as. previously  suggested  (page  286), 
may  be  the  mines  mentioned  by  Boate  as  situated  in  the  Eling's 
Co.,  and  worked  by  Sergeant  Pigott. 

Traces  of  copper  and  lead  have  been  found  in  the  Ordovicians 
of  Slieve  Bloom,  but  the  localities  are  not  recorded. 


BiOSCOliMON. 

In  the  Curlew  Mountains,  at  the  north  of  the  county,  are 
reddish  and  greenish  Silurians,  with  their  associated  felspathic 
Jixotic  rocks,  the  Silurians  being  margined  by  Lou>er  Carboniferous 
Sandstones  and  Shales,  To  the  east,  near  the  Shannon,  in  Slieve 
Baun,  are  small  exposures  of  Ordovicians,  also  margined  by  similar 
rocks ;  while  the  latter  also  form  small  tracts  to  the  W.S. W.  of 
Eoscommon,  and  the  N.E.  of  Castlereagh.  Most  of  the  rest  of 
tlie  area  is  occupied  by  Carboniferous  Limestones,  they  having  on 
them  at  Lough  Allen — Coal  Measures-^  portion  of  the  Connaught 

COAL-PIELD. 

The  coals  and  clay-iron-stone  appear  in  the  description  of  the 
Co.  Cavan  (page  267).    No  other  metallic  ores  are  recorded.    In 
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places,  however,  there  appear  to  be  indioations  of  loded»  but  the 
great  h^ad  of  drift,  or  bog,  prerents  them  from  being  easily 
foimd. 


Sligo. 

The  Carboniferom  Limestones  occupy  the  principal  portion  of 
this  area,  having  on  them  to  the  south-east  a  small  but  rich  tract  of 
Coal  Measures  J  part  of  the  Oonn  aught  Coal-field.  Crossing  the 
county  obliquely  is  the  Ox  Mountain  range,  the  rods  being  meta- 
morphic,  flanked  in  places  by  Lower  Carboniferous  Sandstone :  these 
Metamorphic  rooks  are  probably  of  Cambrian  and  Ordovician  ages, 
although,  from  their  lithological  characters  solely,  they  are  stated 
by  Professor  Hull  to  be  Laurentians ;  but  the  petrological  evidence 
seems  to  be  conclusive  against  such  an  age.  At  the  south  mai^gin 
of  the  county  are  small  exposures  of  the  Curlew  Mountain  Silu- 
rians. 

The  coals  and  clay-iron-stone  of  the  Connaught  Coal-pikli> 
are  mentioned  in  the  history  of  the  Co.  Cavan.  Other  iron-ores, 
however,  seem  to  have  been  raised,  and  were  smelted  at  Ballin- 
togber  "and  at  the  base  of  the  Ox  Mountains."  Lewis  also 
states,  when  writing  in  1837,  that  '^near  Screevenamuck  are 
excavations,  where  the  ore  was  raised  as  long  as  timber  could  be 
procured  for  smelting  it,  the  last  furnace  having  been  put  out 
in  1768."  At  Ballynakill,  between  Ballintogher  and  Rivers- 
town,  are  the  ruins  of  extensive  iron  works;  while  limonite 
appears  to  have  been  mined  in  the  adjoining  Carboniferous  Lime- 
stone. 

Lead  has  been  worked  in  the  Metamorphic  rocks,  and  silver- 
lead  in  the  Carboniferous  Limestones  near  Ballysodare ;  while  lead, 
copper,  and  barytes  have  been  found  and  worked  in  the  King's 
Mountain.  The  Abbeytown  mine,  near  Ballysodare,  has  been 
worked  on  and  off  during  the  last  hundred  years.  Li  Ghlen- 
carberry,  King's  Mountain,  unsuccessful  attempts  to  work  pro- 
fitably the  large  accumulation  of  barytes  were  made  between 
1870  and  1880. 

Well-coloured  and  well-shaped  large  amethysts  have  been 
procured  in  the  neighbourhood  of  Ballymote. 
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TiFFEIUlRY. 

The  Eillenaufey  or  East  Munster  Coal-field,  lies  to  the  east 
of  this  county,  it  being  joined  to  the  Eolkenny  field  by  a  tract  of 
Lower  Coal  Measures — while  outlying  small  patches  of  the  latter 
are  found  N.  E.  and  S.  W.  of  Fethard,  N.  W.  of  Olonmel,  at  the 
Book  of  Cashel,  and  in  Slievenamuok,  S.W.  of  Tipperary.  To 
the  S.  E.  of  the  area  in  Slie^naman  are  Ordovicians^  flanked  by 
Lower  Carboni/erotcs  Sandstone;  to  the  S.W.,  in  KnookmealdoU, 
are  rooks  that  possibly  may  be  the  eastern  extension  of  the  Co. 
Corky  Devonian  and  Silurians;  to  the  west,  in  the  Galtees  and  Slieve- 
namuok, are  small  exposures  of  Ordoviciansj  msurgined  hj  Lower  Car- 
borti/erous  Sandstone;  and  to  the  N.  W.,  in  the  Arra  Mountains, 
and  Slieve  Fhelim,  are  similar  groups  of  rocks,  similarly  related ; 
while  most  of  the  low  country  is  occupied  by  the  Carboniferous 
Limestones. 

Between  1730  and  1740,  coal  was  searched  for  and  found  by 
the  Langlays  in  the  Coalbrook  Colliery,  but  some  forty  or  fifty 
years  seem  to  haye  elapsed  before  it  was  worked  by  the  Gk)ings  in 
Earl's  Hill ;  and  elsewhere  by  the  Mining  Company  of  Ireland — 
the  collieries  not  being  well  developed  till  after  1825. 

The  profitable  coids  were — Sur/acey  Parkenaclea^  Clashaconay 
Main,  and  Olengoola.  All  the  beds  above  the  Main  coal  were  solely 
found  in  Earl's  Hill,  where  the  measures  are  thickest,  while  the 
Main  coal,  beeddes  here,  was  only  found  in  some  detached  basins. 
All  the  profitable  portions  of  these  coals,  except  the  Glengoola 
beds,  and  small  tracts  of  liiiuted  extent  of  others,  seem  now  to  be 
worked  out. 

Associated  with  the  GHengoola  coal  in  Coalbrook  and  elsewhere 
are  some  seams  of  rich  clay-iron-dtone,  but  I  can  find  no  records 
of  these  having  been  mined  or  Bmelted.  Other  iron  ore,  however, 
was  raised  in  the  older  rocks,  and  smelted  at  Gortnahalla,  in  the 
valley  of  the  Clodiagh,  to  the  S.  W.  of  Borrisoleagh.  Some  ore  is 
also  said  to  have  been  raised  and  smelted  near  Bosorea:  these 
latter  wtMrks  may,  however,  have  been  in  the  King's  County. 

At  Gleninchinaveigh,  near  Upper  Cross,  there  is  a  vein  con<r 
taining  anthracite  and  graphite,  four  feet  wide  at  surface.  This, 
in  1857,  was  sunk  on  for  a  depth  of  ten  fathoms,  but  the  walls 
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dosed  in  and  out  it  out ;  it  was  also  driven  on  for  five  or  six 
fathoms. 

Lead,  copper,  and  other  minerals,  as  given  in  the  lists,  Part  I., 
have  been  found  and  worked  in  different  places;  theie  having  been 
prehistoric  workings  on  the  silver-lead  at  Garrane,  near  Tooma- 
vara;  at  Silvermines,  near  Nenagh;  and  at  G-anykennedy,  on 
Lough  Derg. 

Of  the  mines,  the  most  important  and  interesting  are  those  ou 
the  great  Mineral  Channel  at  Silvermines.  Boate  states,  in  rather 
disparaging  terms,  that  this  mine  was  first  discovered  by  the 
English  about  the  year  1600  ;  but  the  researches  made  during  the 
present  century,  and  the  statements  in  the  Annals,  would  suggest 
it  had  previously  been  worked  by  the  ancient  Irish,  as  were  also 
the  mines  to  the  westward,  at  Garrykennedy ;  and  to  the  eastward, 
at  Garrane. 

From  Boate  we  learn  that  at  first,  Silvermine  was  supposed  to 
be  a  lead  mine,  but  afterwards  they  found  it  contained  'Hhree 
pounds  of  silver  to  the  ton  of  lead; "  also  ^'some  quicksilver."  As 
far  as  I  can  learn  no  trace  of  the  latter  has  been  detected  in  late 
years.  Under  the  Eling  the  mine  was  farmed  by  Six  William 
Bussel,  Sir  Basil  Brook,  and  Sir  George  Hamilton ;  but  the  mine 
was  destroyed,  and  the  works  burnt  down  in  1641,  by  Hugh 
O'Kennedy,  brother  to  John  Mac  Dermott  O^Kennedy,  who  ought 
to  have  been  its  legitimate  owner.  After  the  troubled  times  the 
English  company  seem  to  have  again  worked  it  till  their  lease 
expired,  about  1730  :  subsequent  to  this  it  was  worked  by  different 
companies,  who  found  and  opened  up  new  lodes,  till  eventually  it 
came  into  the  hands  of  a  Mr.  Hudson,  who  at  the  beginning  of 
the  present  century  sold  his  interest  to  the  General  Mining  Ck)m- 
pany  of  Ireland ;  these  carried  on  active  operations  till  about  1870. 

After  the  time  of  the  English  company  various  lodes  were  dis- 
covered in  the  county  to  the  westward ;  some  of  them  contain- 
ing argentiferous  copper  and  lead,  others  ai^entiferous  lead — the 
latter  giving  eighty  ounces  of  silver  to  the  ton.  In  1858,  Captain 
Thomas  King,  while  exploring  the  ancient  lead  and  silver  mines, 
discovered  electric  caHmine ;  it  evidently  being  due  to  the  chemical 
decomposition  of  the  blende  that  had  been  run  as  attals  or  wastes 
into  the  ancient  levels ;  this  for  some  time  was  profitably  worked. 

The  Silvermines  Mineral  Channel  is  interesting,  being,  a  '^oon- 
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iaot  lode'^  at  the  jimotion  of  the  OarboniferouB  and  OrdoviciaiL 
Tooksy  extending  for  at  least  thirty  miles ;  from  GhJlow's  HiU, 
Co.  Clare,  to  the  westward;  to  Toomavara  on  the  eastward.  Along 
this  line  mines  have  been  worked  at  Gttrran,  near  Toomavara/ and 
at  Silvermines ;  while  indications  have  been  detected  in  the  Co. 
ClarOy  which  seem  to  suggest  that  in  other  places  along  this  ^'con- 
tact break  "  profitable  lodes  may  yet  be  discovered. 

At  Lad^amore,  copper  was  raised  in  old  times,  while  an  nn- 
successful  attempt  to  work  the  lodes  was  made  between  1800  and 
1810  ;  they  were  subsequently  opened  on  by  the  Mining  Company, 
who  broke  some  very  rich  ore ;  but  as  the  quantity  was  small,  they 
4ilso  abandoned  them.  The  last  adventurers  were  the  Messrs. 
Taylors  of  London,  who  raised  some  ore  up  to  1859.  Lewis 
mentions  a  lode  found  in  the  townlands  of  Cappaghwhite, 
Ballysinode,  and  Gortdrum,  which  contains  rich  copper  in  bunches, 
and  was  leetsed  to  the  Mining  Company,  who,  in  1826,  spent  some 
money  at  Gbrtdrum,  but  apparently  without  any  return. 

At  HoUyford  there  are  two  parallel  lodes  cut  off  by  a  crosa 
KMui-se.  On  the  eastern,  or  Ballycolein  lode,  there  was  an  ancient 
mine ;  as  about  1850,  at  the  cross  course,  were  found  '^  Old  Mens  " 
workings  and  tools.  In  1858  the  western  lode  was  worked  under 
Captain  John  Fascoe,  while  subsequently  the  mines  got  into  the 
hands  of  an  English  bogus  company,  who  became  bankrupts. 


Tyrone. 

The  geology  of  Tyrone  is  very  interesting.  To  the  north, 
-coming  in  from  Londonderry  and  Donegal,  are  Metamorphio 
rocks,  which  belong  to  two  distinct  geological  periods,  probably 
Ordopieians  and  Cambrians — south  of  the  latter,  at  Fomeroy,  are 
unaltered  Ordovicians.  Dr.  Hincks  has  suggested  that  the  older 
rocks  may  be  Laurentians,  but  solely  on  account  of  their  litho- 
logical  characters ;  they  are  evidently  of  the  same  age  as  the  older 
rocks  in  Donegal.  The  Pomeroy  Ordovicians  are  overlaid  by 
Silurians  of  the  Fermanagh  type,  and  those  to  the  south  and  east 
by  Carboni/erotts  Sandstones^  Sfuii^Sy  and  Limestones;  and  on  the 
latter,  to  the  north-eastward  of  Dungannon,  are  the  Coal  Measures 
of  the  Ulster  Coal-fields.    Margining,  and  on  the  Coal  Measure, 
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are  Trias  rocks;  and  in  plaoM  Cretaceous  rocks  (White  limefltono)^ 
Eocene  (?)  Doleryte,  and  the  "  Loagh  Neagh  beds  " — ^the  age  of 
the  last  being  still  disputed. 

Associated  with  the  Metamorphic  rooks  are  Oranitic  rocks  of 
three  or  more  distinct  ages.  In  the  westward  and  north-west- 
ward there  are  other  tracts  of  Carboniferous  rocks. 

In  the  south  of  the  oountj  the  Carboniferous  rocks  have  well 
marked  divisions,  having  a  central  aone  of  sandstones  and  shales 
[Calp),  while  to  the  westward  and  north-westward  they  are  more 
mixed  up.  The  Calp  of  Ulster  is  more  or  less  similar  to  the  Coal 
Measure  sandstones  and  shales,  having  in  it,  in  the  Co.  Derry^ 
workable  beds  of  day-iron-etone ;  and  at  Bally  castle,  Co.  Antrim » 
workable  coals.  By  some  observers  the  rocks  of  these  two  distinct 
groups  have  been  confounded  together.  This  is  a  matter  of  im- 
portance, as  this  incorrect  mapping  has  led  persons  to  make 
unsuccessful  trials  for  coal  in  the  Calp. 

In  the  Silurian  are  the  characteristic  felspathio  bedded  roeks^ 
(eurytes) ;  while  associated  with  the  Trias,  in  the  north  of  the 
county,  are  dolomytes,  said  to  contain  fossils  of  Permian  types. 

In  the  *' Lough  Neagh  beds"  are  seams  of  lignite,  but  too^ 
insignificant  to  be  valuable;  silicious  pieces  of  the  lig^te  are 
known  as  ^^  Lough  Neagh  hones." 

In  the  Trias  at  Croagh,  also  elsewhere,  gypsum  has  been 
found,  but  not  in  sufficient  quantity  to  be  economically  worked. 

The  Tyrone  coals  are  seemingly  of  great  importance.  Ab  has- 
already  been  mentioned,  the  coals  in  Leinster  and  Munster  ara  in 
the  Upper  Measures^  and  those  in  the  Connaught  field  in  the 
Middle  Measures;  but  in  Tyrone  they  are  found  both  in  the 
Middle  and  Upper  Measures.  Furthermore,  the  XTlBter  are  gaa 
coals,  while  those  of  Leinster  and  Munster  are  anthracates;  those^ 
of  the  Connaught  field  seem  to  be  intermediate]  between  botli. 
The  extent  of  the  coal-field  is  unknown ;  for  although  the  ooal 
at  the  margins  of  the  exposed  field  i^ust  extend  under  the  adjoin- 
iiig  younger  rocks,  this  extension  has  never  been  proved  by  either 
borings  or  sinkings. 

The  coals  at  Drumglaas,  near  Dungannon,  in  the  Midiih- 
Measures,  have  had  their  exact  height  above  the  Limestone  proved 
by  a  series  of  bore-holes ;  but  their  extent  is  unknown,  as  it  is^ 
still  an  open  question  whether  they  extend  under  the  whole  or 
only  a  part  of  the  field. 
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The  ooals  of  the  Upper  Measures  in  Annagher,  Comlislandy  an^ 
^nnaghone  have  respectiyely  individual  oharaoteristios.    It  has 
been  supposed  that  those  of  the  Annagher  series  are  above  the 
Coalisland  series,  but  there  are  no  positive  proofs  that  this  is  the 
case,  while  the  facts  appear  to  be  against  suoh  a  supposition. 
The  Battibay  coal  of   the  Coalisland  fieries  is  said  to  be  the 
sixth  or  lowest  coal  of  the  Annagher  series.      This,  according  to 
the  published  section,  is,  at  the  most,  only  192  feet  above  the 
Berry  or  highest  workable  coal  in  the  Coalisland  series ;  while  in 
the  intervening  measures  there  are  four  thin  coals,  ranging  from 
nine  inches  to  two  feet  in  thickness ;   but  in  the  bore-hole  put 
down  by  Ghiffith  for  a  depth  of  270  feet  below  the  sixth  eoal 
at  Annagher  no  coal  was  found.     It  is  possible  that  these  four 
minor  coals  might  have  died  out,  and  be  unrepresented  in  the 
measures    tmder    Annagher;    but   it    is    scarcely  possible    that 
die  Berry  Coal,  from  three  to  five  feet  thidk,  should  be  totally 
absent.     In  the  Annaghone  Colliery,  the  Main  Coal  is  said  to  be 
"undoubtedly"  the  Annagher  iVtVi«7/bo^  Coaly  which  would  necessi- 
tate a  down  throw  to  the  eastward  of  over  2Q00  feet.    It  seems  to 
me  therefore  more  likely  that  the  different  aeries  of  coals  in  the 
several  portions  of  the  Upper  Measures,  are  in  more  or  less  de- 
tached basins,  in  each  of  which  the  strata  were  accumulated  under 
different  conditions,  similarly  as  in  Kilkenny  and  Tipperary. 

We,  however,  do  know,  that  in  the  Annagher  series  there  are 
four  coals,  over  2*5  feet  thick,  more  or  less  capable  of  being  pro* 
fitably  worked  ;  while  in  the  Coalisland  series  there  are  three  coals^ 
over  three  feet  high.  The  Annaghone  colliery  had  a  coal  nine 
feet  thick,  and  above  it  another  that  varies  from  1*5  to  3  feet. 
There  are  no  apparent  reasons  why  these  Annaghone  coals  may 
not  extend  northward  and  north-eastward  under  the  Trias,  even 
into  the  Co.  Londonderry. 

From  the  very  imperfect  data  at  present  procurable  there  is  no 
possibility  of  making  any  sort  of  an  approximate  estimate  of  the 
quantify  of  unwrought  profitable  coal  in  this  portion  of  Ulster ; 
but  it  appears  safe  to  suggest  that  there  is  probably  much  more 
uawrought  coal  here,  than  elsewhere  in  Ireland. 

The  coals  are  bituminous,  and  when  burnt  have  a  white  ash ; 
near  the  surface  they  are  brittle,  but  improve  in  depth.  They 
woe  not  wrought,  at  least  extensively,  until  the  present  oentuiy ^ 
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-when  they  were  systematioally  looked  for  by  Qriffitii  and  the 
Hibernian  Mining  Company. 

In  plaoes  in  the  Coal  Measuiea  good  day-iion-stone  is  found ; 
but  I  cannot  find  any  reoords  of  its  having  been  ndsed  or  smelted 
in  old  or  modem  times.  Elsewhere,  howevery  in  the  Carboniferous 
Limestone  and  the  Ordovioians,  hematite  and  limonite  were 
raised  for  smelting  in  the  seventeenth  and  eighteenth  centuries^ 
and  more  reoently  for  exportation  [%ee  Londonderry,  page  288),  the 
localities  being  given  in  the  List,  Part  I.^ 

Antimony  has  been  found  in  the  Munterlong  Mountains,  and 
lead  in  Crookanboy  and  Trebane  West,  all  near  Gortin  ;  but  none 
of  the  minerals  appear  to  have  been  worked.  In  the  Silurians  at 
Crannogue,  near  Pomeroy,  a  little  copper  was  raised  ;  while  else- 
where in  these  rooks,  both  in  this  county  and  also  in  Fermanagh, 
there  are  traces  and  indications  of  this  mineral,  which  would 
Buggest  that,  if  properly  searched  for,  a  paying  lode  might  be 
found. 


Watbrford. 

In  the  west  of  the  county  of  Waterf ord  is  the  eastern  termina* 
tion  of  the  rooks  of  the  Cork  types^  they  gradually,  eastward  and 
northward,  changing  into  the  ordinary  Central  Ireland  types. 

To  the  eastward,  coming  in  from  the  Co.  Wexford,  are  Ordo^ 
vicianSf  with  their  associated,  more  or  less  interbedded,  igneous 
rooks ;  and  over  these,  to  the  northward,  are  Loicer  Carboniferous 
Sandstones^  Shales^  and  Limestones.  But  to  the  westward,  in  the 
Commeragh  Mountains,  on  these  Ordovicians  are,  more  or  less,  oon- 
glomeritic  and  argillaceous  rooks;  and  these  possibly  are  the 
representatives  of  the  littoral  accumulation  of  the  Cork  Dettgnian 
-or  even  Silurian ;  this,  however,  has  still  to  be  proved.  To  the  S.E., 
B.t  the  Bonmahon  mines  are  a  few  patches  of  similar  conglomerates, 
which  for  the  reason  stated  hereafter  ( Wexford,  p.  302)  are  supposed 
to  be  Silurians,  Devonian  (or  Silurian)  seem  also  to  occur  further 
Bouth,  in  the  long  hill,   or  "drum,"  between  the  two  Dedes. 

*  Clay-iron-stone  U  recorded  by  Boate  as  having  being  worked  in  the  Calp  (P)  shales* 
in  "  Nether  Tyrone,  by  the  side  of  the  rivnlet  Lishan."  "  Nether  Tyrone  "  is  the 
{tresent  Go.  Londondeny. 
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On  the  Devonians  (P),  lying  in  nearly  east  and  west  troughs^, 
are  Lower  Oarboniferous   Sandstone,  Shales^  and  Limestones. 

In  the  DeTonian  rooks  of  the  Coshs  and  the  Decies  baronies,, 
that  is,  south  of  the  valley  from  Lismore  to  Dungarvan;  iron 
ore  was  extensively  raised  for  smelting  in  the  seventeenth  and 
eighteenth  centuries;  Lord  Cork  having  large  works  at  Salters- 
bridge,  while  Sir  Walter  Ealeigh's  principal  mines  were  at  Drom- 
slig ;  but  the  ores  from  Minehead  and  Ardmore  were  speoially 
prized,  as  they  could  be  converted  into  the  finest  steel.  Here,  as 
elsewhere,  the  furnaces  were  probably  in  the  vicinity  of  the  mines. 
When  Smith  wrote  in  1750,  Lord  Cork's  furnace  only  appears  to 
have  been  alight,  and  it  was  put  out  shortly  afterwards.  In 
Dromslig  and  the  neighbouring  towulands  iron  ore,  for  exportation, 
was  raised  between  1850  and  1860,  and  even  a  little  later. 

Very  valuable  lodes,  both  of  lead  and  copper,  were  formerly 
worked  in  di£Eerent  places  in  the  Second^  or  Ballymoney  Series  of 
the  Ordovicians.  Lewis  mentions  a  valuable  silver-lead  lode  that 
was  worked  at  the  Hill  of  Cruagh,  parish  of  Eiesk  {Sheet  17) ;  and 
another  of  lead  in  the  Eiver  Mahon  Valley,  near  Mountain  Castle 
{Sheet  15) ;  also  silver-lead  that  was  dug  out  of  the  sands  of  Eil- 
murrin  beach.  These  three  localities  seem  to  have  escaped 
Griffith's  notice,  as  they  do  not  appear  to  be  mentioned  by  him. 
Nothing  is  now  known  of  the  copper  and  silver-lead  lodes  worked 
near  Ardmore  ;  but,  from  the  specimens  f oimd  in  the  waste  heaps, 
they  are  supposed  to  have  been  rich. 

In  this  county  the  best  known  mines  are  the  "  Bonmahon 
Coppers,"  so  called  as  the  major  portion  of  the  ore  was  copper, 
although  in  the  setts  some  valuable  ailver-lead  veins  were  also 
found  and  worked.  At  Knockmahon,  mines  were  worked  in  the 
old  days,  as  in  the  "Stage  Lode"  "Old  Men's  workings,"  with 
wooden  and  stone  implements,  were  found.  Subsequently,  from 
Queen  Elizabeth's  time,  down  to  1730,  some  of  the  lodes,  at  in- 
tervals, appear  to  have  been  worked,  while  at  the  latter  date  they 
were  in  the  hands  of  a  Mr.  Hume,  who  for  some  years  worked  the 
Stage  Lode  very  successfully.  Next  we  hear  of  Colonel  HaU,  and 
Mr.  Galway,  who  spent  a  large  sum  unsuccessfully,  and  they,  in 
1796,  passed  their  interests  to  the  Hibemia  Mining  Company. 
These  also  do  not  seem  to  have  been  successful,  as  they  sold  the 
property,  in  1824,  to  the  Mining  Company  of  Ireland.    The  latter 
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from  that  date,  until  aboat  1876,  oarried  on  the  mining  with  vaiy* 
ing  success ;  while  about  1880  the  works  were  totally  dismantled. 
The  last  adventurers  seem  to  have  been  more  elusive  in  their 
operations  than  any  of  their  predecessors,  as  they  held  five  royalties 
— ^Tankardstown,  Ejiockmahon,  Eilduane,  Balhuamfila,  and  Bon- 
mahon.  Their  first  mine  was  on  th©  "  Tr&wna  Stella"  lode,  in 
ihe  west  portion  of  Bonmahon  ;  hence  the  name  by  which  all  the 
mines  were  afterwards  known. 

The  future  of  these  mines  is  very  obscure,  as  from  appearances 
there  seems  to  be  no  hope  for  them ;  but  it  must  be  remembered 
that  although  adventurer  after  adventurer  gave  them  up  as  value- 
less, yet  the  Mining  Company  found  riches — ^the  nett  profits  of 
the  mines  in  1862  alone  exceeding  £20,000.  {See  Du  Noyer^  Ex. 
Sheet  168,  Geol.  Map,  p.  81). 


Westmeath. 

This  area  is  occupied  by  Carhoniferom  Limeaionesy  except  a 
«mall  exposure  of  Lower  Carboniferous  Sandstone  near  Moate,  a 
second  west  of  Kilbeggan,  and  a  minute  tract  of  Ordovicians^ 
margined  by  Carboniferous  Lower  Sandstone,  to  the  north  of 
£illucan. 

This  county  is  absent  from  Griffith's  lists,  there  being  no  recent 
mines  in  it.  Small  bits  of  lead  and  copper  have  been  picked  up  in 
places ;  whQe  coaly  seams  and  day-iron-stones  have  been  found  in 
the  Calp  shales.  There  is  no  prospect  of  profitable  coal  ever 
being  found ;  but  copper  and  lead  veins,  especially  the  last,  ought 
to  exist,  but  are  hard  to  discover  on  account  of  the  envelope  of 
drift  and  bog. 

In  places  there  are  the  traces  of  old  iron  works,  while  it  is 
possible  that  some  of  the  Calp  iron  ores  were  utilized. 

Wexford. 

Two-thirds  of  this  county  are  Ordovicians,  in  part  metamor- 
phosed. These  are  fringed  iJong  their  N.W.  margin  by  Qranyte, 
part  of  the  great  intrude  of  the  Leinster  range.  S.  E.  of  the 
Ordovicians,  and  coming  up  from  under  them,  are  Cambrians^ 
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The  latter  are  also,  in  part,  metamorphosed ;  those  at  Camsore, 
to  the  south-eafity  being  changed  into  Granitic  rocks.  Patohes  of 
these  rooks,  for  no  apparent  reason,  exoept  lithological  oharaoters, 
are  said  to  be  of  Laurentian  age.  Grossing  the  Cambrian,  and 
on  the  Ordoyician,  in  Hook  Promontory,  are  Carbonxferom  Lime- 
sUmeSy  Shales,  and  Sandstones. 

To  the  south-eafit,  on  the  Cambrians,  adjoining  Ballygeary 
Bay,  is  a  small  outlying  tract  of  Ordovioians.  Formerly  on  the 
coast,  to  the  S.  E.  of  the  new  pier,  the  basal  bed,  a  fine  conglome- 
rate, identical  in  aspect  with  the  silurian  conglomerate  at  Bon- 
mahon.  Go.  Waterford  (page  301),  could  be  seen,  but  now  it  is 
oovered  up  by  a  sand  accumulation. 

The  Ordovicians  of  S.  E.  Ireland  are  separated  into  three  well- 
marked  groups,  which  are  traceable  more  or  less  distinctly  in  the 
rest  of  Ireland.  These  groups  may  be  called,  Lower — Slack 
Shale  Series;  Middle — Volcanic,  or  Ballymoney  Seties;  Upper — 
SlatCf  or  Sfieve-Phelim  Series. 

The  known  mineral  veins  are  few,  which  may  in  part  be  due 
to  the  deep  drift.  A  few  veins  of  lead  and  copper,  but  not  of 
much  account,  have  been  worked  in  the  Ordovicians  since  the 
beginning  of  the  century ;  while  near  Bannow  Bay  are  attals,  or 
old  waste  heaps,  said  to  be  the  debris  from  mines  worked  by  the 
Ostmen. 

In  this  neighbourhood,  at  the  Castles  of  Clonmines,  there  is 
said  to  have  been  a  mint  in  the  time  of  Charles  II.,  the  coins 
having  been  made  from  silver  procured  in  the  vicinity.  Some  lead 
and  barytes  are  found  in  the  Carboniferous  rocks,  and  in  one  place 
ooncretions  of  native  sulphur. 

Prior  to  the  stoppage  of  Chamney's  iron  works  at  Shillelagh,  Co. 
"Wicklow  (Wicklow,  p.  246),  these  Iron  Masters  smelted  iron  largely 
in  bloomeries  in  the  north-west  portion  of  the  county,  and  probably 
also  raised  ore,  as  traces  of  what  seem  to  have  been  old  workings 
have  been  observed  near  Ghdbally  and  elsewhere.  There  are  also 
in  different  places,  associated  with  the  rocks  of  the  Ballymoney 
Series,  not  only  in  this  county,  but  also  to  the  N.  E.,  in  the  Co. 
Wicklow,  and  8.  W.  in  the  Co.  Waterford  "Black  Heaps." 
These  are  of  greater  or  less  size,  and  consist  of  roasted  shingle  and 
black  stufE,  with,  in  some  of  them,  what  seems  _to  have  been  a 
hearth.    Some  of  the  smaller  ones  are  said  to  have  been  the  places 
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irliere  thej  ^  roasted  the  wild  deer'''  in  former  times;  but  otliers 
endeotly  appear  to  have  been  bloomeries,  or  for  some  such  meta* 
Inrgicai  procees.  The  roasted  shingle  is  prinoipally  broken-np 
fragments  of  the  Foriferons  Felstones. 

To  the  north  of  Cbrey,  at  Ballynastraw,  also  elsewhere  in  the 
pinple  shales  and  slate  of  the  lower  portion  of  the  Slate  Series^ 
are  lentils,  or  irr^xdarly-bedded  masses  of  earthy  limonite ;  while 
in  places  along  the  Ballymoney  oli£b  are  beds,  of  a  low  percentage, 
of  oalybite.  There  are  no  records  of  these  ores  having  been 
woiked. 

In  the  Ordovicians,  anthracite,  and  in  places  plumbago,  is 
reoorded.  At  the  north-east  mearing  of  the  county ;  in  two  places 
in  the  BaUymoney  diffs,  where  they  have  fire-clays  and  carbo- 
naceous shales  associated ;  at  Gbeenfield,  near  Ennisoorthy ;  near 
Wilton;  in  Doonoony;  and  near  Castle  Talbot;  while  it  is  re- 
ported to  have  been  found  in  two  places  in  the  barony  of  Forth. 
From  trials  made  the  veins  seem  to  be  only  from  one  to  four 
inches  wide,  and  of  no  value.  Some  of  the  best  of  the  carbo- 
naceous shales,  if  there  were  mines  in  the  neighbourhood,  might 
possibly  be  worked  advantageously  as  a  bye-product. 

Some  good  specimens  of  asbestos  are  said  to  have  been  found 
at  Bloomfield,  near  Enniscorthy. 


WiCKLOW. 

To  the  north-east,  adjoining  the  sea,  are  Oambrians ;  the  rest 
of  the  county  rocks  are  OrdovicianSy  associated  with  a  wide  intrude 
of  Chranyte^  part  of  the  Leinster  Ghranyte  range.  There  are  also 
small  detached  outbursts  of  Ghranyte,  while  the  Cambrians  and 
Ordovicians  are  in  part  metamorphosed. 

The  Granytes  belong  to  different  Greological  Periods.  The 
main  mass  is  Post-Ordovician,  but  with  it,  to  the  southward,  in 
the  parish  of  Shillelagh,  and  extending  into  Elildare  and  Carlow, 
is  a  considerable  tract  of  a  very  coarsely  crystalline  rock,  whioh 
might  be  called  Pegmatyte  (locally  called  Bastard  Ch'anyte).  This 
evidently  is  newer  than  the  normal  "Leinster  Granyte*'  of 
Haughton.    In  the  older  Granytes,  also  in  detached  intrudes^  are 

^  Galled  F9Uaghtfeea  in  the  Go.  Waterford. 
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the  newer  Granytes,  whioh  are  possibly  of  Silunan  or  Devonian  age. 
These  younger  Ghranytes,  for  reasons  hereafter  given,  may  possibly 
have  some  sort  of  connexion  with  the  great  Mineral  Channel  of 
the  Co.  Wioklow. 

Wioklow  is  the  premier  county  in  Ireland  for  mines,  not  on 
aooount  of  the  ores  being  very  rioh,  but  in  oonsequenoe  of  the 
great  extent  of  the  mineral  ground,  and  that  the  mining  operations 
have  been  in  varying  activity  at  intervals  from  time  immemorial. 

The  great  Mineral  Ohannel  extends  from  near  the  sea,  south- 
ward of  Wioklow,  nearly  continuously,  in  a  south-west  direction, 
to  Ovoca,  and  from  that  to  the  flanks  of  Groghan-Kinshella,  a  dis- 
tance of  about  fifteen  miles.  In  the  Channel,  and  adjoining  it, 
the  rocks  are  '*  iron  masked,"  similar  to  the  rocks  adjoimng  the 
intrude  of  the  younger  Granyte ;  this  has  led  me  to  suggest  that 
this  Channel  has  a  possible  connexion  with  the  vulcanicity  to  which 
the  younger  Ghranytes  are  an  adjunct.  In  places  along  the  Channel 
there  were  very  ancient  mining  operations. 

At  Connary  and  Cronebane,  in  the  Ease  Ovoca  Mines,  there 
was  ancient  mining  for  lead  and  sUver,  as  has  been  proved  in 
recent  years  by  the  finding  of  ^^  Old  Mens'  workings,''  stones — 
hammers,  and  other  primitive  implements.  Further  south-west, 
at  Moneyteigue,  there  were  other  early  workings,  apparently 
for  iron.  Tradition  has  it,  that  iron  was  raised  here  by  the  early 
Irish,  and  that  after  the  O'Helys  were  driven  out  of  the  country, 
the  Norman  knights,  Baymond  and  Sillery,  built  castles  in  the 
vicinity,  and  worked  an  iron  trade.  Towards  the  end  of  Eliza- 
beth's reign,  the  Earl  of  Stafford  (Black  Tom),  took  possession 
of  the  county.  He,  and  afterwards  hia  successor,  mined  and 
worked  iron,  through  their  tenants,  or  Iron-Masters,  the  Paynes, 
the  Bacons,  and  the  Chanmeys. 

The  works  belonging  to  the  earlier  proteges  of  this  dynasty 
cannot  be  specially  mentioned;  but  between  Aughrim  and  Bally- 
nanlash  there  are  the  ruins  of  very  ancient  iron  works  and  mines, 
that  are  supposed  to  have  belonged  to  them;  as  are  also  others  on 
borders  of  this  county  and  Eildare. 

Bacon,  an  Englishman,  came  over  and  built  works  at  Shille^ 
lagh.  Before  his  time  most  of  the  charcoal  was  sent  to  Wales  to 
be  there  used  in  the  final  working  of  the  iron.  He,  however,  con- 
sidered it  would  be  more  economical  to  import  the  pig-iron  than 
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export  the  ohiieoeL  This  adventoie  was  most  BacoeBBful,  and 
at  the  time  of  the  Commiwaon  for  examining  into  the  state  of 
the  l^her  in  Ireland,  he  had  amassed  a  sum  of  over  one  million 
pounds.  Having  only  one  ohild,  a  daughter,  the  bait  was  too  seduc- 
tive to  one  of  the  Commissioners,  a  scion  of  the  twioe  noble  house 
of  Chohnondelay,  who  became  Bacon's  son-in-law  and  successor; 
relinquishing  his  heritage,  and  changing  his  name  to  Chamney.^ 

The  Ghamneya  greatly  increaaed  the  trade ;  having  works  noi 
only  at  Shillelagh,  where  Baoon  established  the  industry,  but  also 
in  tiie  Yale  of  Clara ;  at  Bally  na  dash,  or  ^'  Clash,"  in  Glanma- 
luie;  at  Garrynagowlaun  (Woodenbridge)  and  Aughrim,  in  the 
Yale  of  the  Darragh  Water;  and  elsewhere ;  besides  innumerable 
bloomeries;  his  works,  popularly,  being  said  to  have  ^^  filled  the 
eountiy/'  In  an  old  document  there  are  records  of  some  fifty- 
two  or  more  distinct  works  in  Wicklow,  Wexford,  and  Carlow. 
The  **  Clash  **  and  Shillelagh  iron  was  of  a  very  superior  quality, 
and  at  the  present  day  any  old  chains  or  other  articles  made  of  it 
are  highly  prised  by  the  smith.' 

Bacon  may  have  only  manufactured  imported  pig-iron;  but 
the  Chamneys  also  smelted  the  native  ores  of  Ballycapple,  ncnrth-east 
of  Bedcross;  and  Sjiock  na  mohill  mines,  westward  of  Ovoca. 
Elsewhere  in  Ireland  the  Iron  trade  gradually  ceased,  as  the 
woods  were  exhausted;  but  here  it  seems  to  have  come  to  a 
sudden  and  untimely  end  prior  to  I76I,  on  account  of  a  fracas 
between  Chamney  and  the  English  agent  of  the  lord  of  the  soil.^ 

>  Although  he  changed  his  name  duiing  his  life,  and  hia  descendants  adopted  the 
change,  yet  on  his  tomh  in  Camew  Churchyard,  his  real  name  and  lineage  an  giTen. 

s  A  smith  who  had  a  forge  near  Castle  H^Adam,  is  popularly  reported  to  haTe  gone 
night  after  night  to  ahstraet  the  '* Clash  iron"  staples  and  holts  out  ol  the  granyte 
gate  posts,  so  common  in  the  county.  Whether  he  did  it  or  not,  the  staples  now,  as  a 
general  rule,  hare  aU  disappeared.  I  haye  known  a  pound  of  <<  Clash  iron  **  being 
exchanged  for  three  pounds  of  the  ordinary  iron  at  present  in  use. 

'  Written  information  about  the  old  iron  works  is  very  hard  to  procure,  aa  n«aiiy 
all  the  Chamney  Papers  appeared  to  haye  been  destroyed  when  the  family  weiB  dia» 
persed.    Old  people  will  tell  you  that  ''the  noise  of  the  Chamney  hammer'*  'vms  a 
weather  guide,  and  show  you  bits  of  the  Clash  or  Shillalagh  iron  ore  pots ;  but  no  one 
seems  capable  of  giying  special  information  in  respect  to  any  of  the  old  works ;  all  any, 
« I  supposed  they  belonged  to  Chamney,  as  they  say  he  had  works  eyearywheiv.**      ai»^ 
they  know  that  the  ore  and  his  iron  were  carried  in  baskets  on  hozaebaok  fttun.  Wieklow 
port  and  from  the  diffsrent  mines ;  and  the  old  horse  tracks  from  the  minoa   mw| 
Wicklow  to  the  furnace  can  still  be  shown.    That  the  trail  from  Wicklow  to  gKn^f,|^j^ 
must  have  been  a  very  ancient  one,  is  suggested  by  its  passing  the  sites  of  33ljei«w*s 
and  Baymond's  Castles. 
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The  priadpal  ore  in  the  veins  of  the  Mineral  Channel  is  sul- 
phnr-oie  [PyrUes).  This  in  general  has  a  ^<baok,"  or  ^^  gossan/' 
of  iron  ore,  or  oohre ;  while  in  places  between  the  gossan  and  the 
real  lode  there  is  a  ^'  gossan  lode  "  principally  of  lead.  There  are, 
however,  local  peculiarities  hereafter  to  be  mentioned.  Some  of 
the  Bolphnr-ore  is  coppery^  having  from  two  to  four  units  of  cop- 
per, while  in  newer  lodes  there  was  a  mixed  ore,  in  part'  pyrite, 
and  in  part  chalcopyrite,  that  gave  from  six  to  ten  units  of  copper. 
Ab  these  mines,  at  the  beginning  of  the  century,  were  worked 
flolely  for  the  copper  in  the  ores  they  are  generally  known  as 
'*  eopper  mines,"  a  title  to  which  they  are  not  entitled. 

The  earliest  workings  of  which  we  can  detect  traces  were  for 
lead,  in  East  Gronebane,  and  for  iron  in  Moneyteigue,  after  which 
lustory  is  more  or  less  a  blank  till  we  come  to  near  the  end  of  the  last 
eentoiy ;  for  although  we  know  iron  was  extensively  raised,  prob- 
ably in  the  seventeenth  and  eighteenth  centuries,  at  Knoch  na 
mohill,  Ballyoapple,  and  other  ores  elsewhere ;  yet  we  cannot  tell 
exactly  at  wha^  time  or  by  whom  the  mines  were  worked.^ 

At  the  end  of  the  last  century  the  Ovoca  mines  were  in  the 

hands  of  an  English  syndicate,  who  worked  them  for  lead  and 

copper.  But  early  in  the  present  century,  the  Channel  immediately 

east  and  west  of  the  Ovoca  river  seems  to  have  been  broken  up 

into  five  mining  setts: — Ballymurtagh^  Bally gahan^  Tigraneyy  Crone- 

iane,  and  Connary^  which  were  let  as  "  Copper  Mines,"  and  when  first 

worked  any  poor  pyrites  raised  was  run  into  spoil.    But  about  the 

year  1840,  on  account  of  the  high  price  of  sulphur,  the  character 

of  the  mines  quite  changed,  as  instead  of  being  working  for  copper 

:  they  became  ^^  Sulphur  Mines."    While  the  great  demand  for  sul- 

i  phor  Listed,  vast  sums  were  made  by  the  different  adventurers ; 

I  and,  as  in  late  years,  there  was  a  demand  for  iron  ore,  it  also  was 

a  considerable  source  of  profit.    The  great  demand  ceased  about 

the  year  1865,  and  afterwards  the  mines  rapidly  declined,  and 

luyw  little  or  nothing  is  being  done.' 


1 


*  From  Boate's  history  and  Potty's  maps  it  would  appear  as  if  Wioklov  was  a  Urra 
:  the  first  authority  does  not  mention  anything  in  it  (the  Go.  Wioklow),  while 
^  Heoiid  leares  the^track  a  hlank  in  his  maps. 

'  The  dedine  was  gradual;  the  Spanish  ore — with  its  48  units  of  sulphur,  3  of  cop- 
I*,  and  2a  dwt.  ol  sLlver,  also  an  unlimited  supply — gradually  drove  the  Irish  ore  out 
«f  tbe  bg^  madrat ;  although  for  a  long  time  the  Irish  *'  Coppery  Pyrites  " — iO 
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The  future  proepeots  of  these  mines  is  an  impoitant  oonsidera- 
tion,  and  the  present  state  of  the  different  setts  is  therefore  of 
intezest.  This  will  be  briefly  given  from  the  N.  E.  to  the  S.  W. 
of  the  channel 

Southward  of  Wioklow  town,  at  the  north-east  end  of  '^The 
Channel/'  is  the  BaUycapple  Sett,  in  the  townlands  of  Ballycapple 
and  Ballard.  The  iron  bark  of  this  lode,  which  seems  to  have 
been  very  rich,  was  worked  in  the  time  of  the  Chamneys,  the  ore 
being  carried  on  horseback  to  the  works  at  Ballynadash  in  Olen- 
malure.  Some  of  it  also  seems  to  have  been  smelted  in  bloomeries 
in  the  vicinity  of  the  mines,  as  their  sites  are  still  to  be  seen 
From  the  fragments  in  the  attals,  the  ^^true  lode"  seems  to  be 
a  coppery  pyrite,  but  it  was  never  worked.  Just  before  the  work- 
ing ceased  the  miners  were  driving  up  from  the  south  an  adit  to 
drain  the  mine.  This  was  recently  opened,  and  was  found  to  end 
some  ten  or  fifteen  fathoms  short  of  the  lode.  In  1852  trials  were 
made  in  search  of  ^*  copper  ore,"  but  with  what  results  are  not 
recorded.  In  1875  a  few  tons  of  iron]^ore  were  raised,  also 
brownish  ochre,  from  the  back  of  the  lode  in  Ballycapple  HilL 
The  latter,  and  the  ^* black  stuff"  from  some  of  the  ancient 
bloomeries  were  exported  to  be  used  in  the  purification  of  gas. 
XTp  to  the  present  tame  only  the  iron  back  and  ochre  have  in  part 
been  removed,  some  stones  giving  high  analysis ;  they,  however^ 
do  not  represent  the  average  iron  ore.  The  true  lode  itself,  does 
not  appear  to  have  been  broken,  and  its  nature,  value,  and  extent 
have  still  to  be  proved. 

Between  Ballycapple  and  EHmacoo,  a  distance,  in  a  S.  ^W. 
line,  of  about  three  miles,  the  country  is  very  little  known.    In.  it 
the  regular  Channel  has  not  been  found;  but  in  places  there  are 
small  veins  of  copper,  sulphur^re,  lead,  and  zinc.    It  is  poesilble 
that  the  trials  made  have  been  too  much  southward ;  because  in 
the  townland  of  Bookfield,  about  a  mile  N.  N.  E.  of  Eilmaooo,  i» 
an  assembly  of  '^shode  stones,"  very  similar  to  those  that  elsev^liez^ 
occur  in  connexion  with  the  Channel ;  the  Channel  may  be  ther^* 
fore  heaved  northward. 


units  sulphur  tnd  2.60  copper— held  its  own.  As  [a  general  rale,  the  Irish  pyxitos  is  ' 
much  more  free  from  arsenic  than  the  Spanish  ore,  and  therefore  more  soitablQ  ^Qg.  ti^  \ 
manufkctoie  of  the  pure  sulphuiio  aotd.  | 
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S.  E.  of  Eibnaorea  Pass,  in  the  north  part  of  Coolanearl,  is  an 
old  shaft ;  but  there  is  no  information  in  connexion  with  it. 

The  break  a  little  east  of  KilmaooOy  or  Connary  oross-roads, 
cuts  off  the  Mineral  Channel,  and  heaves  it,  apparently  northward 
as  just  suggested.  On  the  Channel  between  it  and  the  Ovooa 
river  lie  the  East  Ovoca  Minbs.  Of  these  mines  an  exhaustive 
description  was  published,  in  1879,  by  P.  H.  Argall,  formerly 
agent  of  the  Magpie.^  They  are  in  two  groups — to  the  north- 
eastward, KilmacoOy  Connary j  and  the  Magpie^  or  East  Cronebane ; 
and  to  the  south-westward.  West  Cronebane  and  Tigroney. 

In  the  north-east  division  there  are  two  main  lodes,  ir- 
regularly wedge-shaped,  the  walls  closing  in  depth  on  aooount 
of  the  hanging  or  south  wall,  standing  more  perpendicularly  than 
the  foot  or  north  wall.  The  Mineral  Channel  and  the  lodes  were 
formerly  supposed  to  have  been  deposited  contemporaneously  with 
the  associated  rocks,  but  recent  research  has  shown,  that  although 
the  general  direction  of  the  lodes  may  be  more  or  less  with  the 
strike  of  the  ^^  country  rocks,"  yet  the  Channel  and  lodes  always 
oross  the  latter,  though  sometimes  at  a  very  small  angle,  while 
in  depth  both  dip  at  a  greater  angle  than  the  '^country 
rocks." 

The  north  lode  is  principally  sulphur-ore,  often  coppery ;  it  is 
more  or  less  friable,  and  accompanied  with  soft  ground.  In 
Connary,  south  of  the  lode,  there  is  a  massive  rib  of  quartzose  rock, 
Tvith  native  copper  disseminated  through  it,  which  is  not  found  in 
the  Magpie.  Between  the  lode  and  its  '' gossan"  (iron  and 
ochre)  there  was  an  auriferous  argentiferous  lead  '*  Gossan  lode," 
remarkable  as  in  it  there  were  minerals  not  found  in  the  imderly- 
ing  lode.  In  Kilmacoo,  in  old  times,  there  appears  to  have  l)een 
an  adit  that  was  driven  in  from  the  north  slope ;  this,  however,  has 
been  closed  up  for  years.  Between  Connary  and  the  Magpie  there 
is  a  N.  and  S.  left-hand  heave,  along  which  there  was  a  lead  lode. 
The  lead  in  the  Qossan  and  Cross  lodes  was  worked  in  very  old 
times,  while  the  rest  of  it  was  abstracted  during  the  present 
oentuiy.  Some  of  the  sulphur  ore  still  remains,  but  not  much,  as 
the  '^  Wedge"  has  been  bottomed  in  different  places ;  it  is,  how- 


1  Oh  ih$  Ancient  and  Eeeent  Mining  Operaiiona  in  the  EoMi  Ovoca  DittrieL — Soifin- 
dfic  Proceediugs,  Eoyal  Dublin  Society,  1879. 
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eT«r,  pontUe  that»  if  Bunk  on  etQl  forUier  in  depth,  the  walk 
might  again  aepaxate.^ 

The  aouth  lode  oooon  in  Eilmaooo  and  the  Magpie,  it  being 
principally  ^  blue  ground/'  in  which  are  the  veins  and  pockets  of 
KihmcoaUt  or  bhimicme.  This  peooliar  mineral  appears  to  be  an 
admixture  of  the  solphideB  of  iinc»  lead,  iron,  oopper,  antimony, 
anenic,  and  silTer,  with  a  trace  of  gold ;  but  it  varies  greatly 
and  lapidlj*  It  was  known  in  Weaver's  time ;  as  the  Coppeij 
ore  in  Madame  Stephens'  lode  is  mixed  with  it;  while  a  yein 
was  cut  in  the  ^*  Lodge  level."  Weaver  seems  not  to  have 
been  able  to  utiliae  it,  while  at  the  present  day  it  cannot  be 
economically  reduced.  At  the  present  time  the  typical  oie  ha» 
only  been  proved  in  the  places  above  named ;  but  a  variety  was 
found  in  West  Cronebane  by  Argall,  and  Haughton  mentions  a 
variety  that  occurred  in  Ballymurtagh,  the  latter  in  places  being 
veiy  auriferous  (page  206).  If,  however,  the  eoonomiod  reduction 
of  this  ore  is  hereafter  understood,  it  is  probably  that  elsewhere 
in  the  courses  of  **  Uue  ground  "  it  may  be  found. 

A  careful  analysis  of  this  ore  is  most  important,  as,  on  acoooni 
of  the  various  constituents  and  their  peculiar  relations  to  one 
another,  hand  specimens  are  very  different,  some  being  very  rich, 
others  very  poor ;  and  unless  the  greatest  care  is  taken  in  selecting 
specimens  for  analysis,  the  results  may  afterwards  be  most  disastrous 
to  the  well-being  of  a  mine.  This  caution  is  necessary,  as  the 
analyses  published  show  that  in  most  cases  the  ores  examined  were 
picked  rich  ^pedwMtu^  which  although  of  interest  to  the  mineralogist^ 
are  pernicious  to  the  mine,  as  they  lead  to  false  hopes,  which  can 
never  be  realised.  The  Magpie  has  been  so-called  from  the  blad 
and  bluish**white  ground  found  in  the  lode  associated  with  the 
ores. 

To  the  westward  of  the  Magpie,  between  it  and  West  CSrone* 


«  In  the  deep««i  voting  (WiUi«BB*aIi«n,TisroiM7)th«wan8appi!^^ 
tepant^Bg  In  soiim  of  tb»  Coniah  miiMs  when  the  C<^per  lode  had  died  out,  on 
»iukins  deepw»  tin  ore  was  found.  This  appeen  to  be  a  oonaiderttiaii  in  oonnexioD 
If  ith  the  fUtnie  ol  theae  minee,  more  espeeiallj  as  tin  most  exut  souewhero  in  th& 
county*  haTing  heen  loond  in  the  "streaiDings**  ftr  Gold.  FttrthenBon,  in  the  Magpie 
ahaft  the  lode  ia  d^th  waa  eat  out  by  a  Granyte  pratnaion ;  and,  if  the  lode  oontmiue 
in  depth,  the  mtneiml  oontenta  might  poaaihly  ehange.  If  theae  mines  hereafter  gave 
new  riches  in  depth,  they  mi^t  be  eeoiiQmically  iroihed,  by  dzxring  up  WeaTer*a 
deep  or ''Boat  kyel.'* 


Digitized  by  LjOOQ IC 


SIiNAHAN — On  Irish  Metal  Mining.  311 

bane,  is  the  tract  called  the  Yellow  Botlomsy  or  Dead  Oraund,  The 
latter  name  was  probably  given  to  it  in  Weaver's  time,  because 
the  "  standing  copper  lodes"  of  "West  Cronebane  do  not  extend 
into  it.  In  connexion  with  it  are  Madame  Bulev's,  and  some  other 
mineral  lodes;  while  from  explorations  made  in  1879  and  1880,  it 
would  appear  that  there  is  also  a  large  sulphur-ore  lode,  the  back 
of  which  forms  the  ochre  beds  that  were  worked  in  1882,  and  sub* 
sequent  years,  for  the  manufacture  of  paints. 

The  south-eastern  division  {West  Cronebane  and  Tigroney)  is 
cut  o£f  by  a  fault  from  the  Yellow  Bottoms,  the  nature  of  which 
has  not  yet  been  explained.  In  connexion  with  this  fault  all  that 
can  be  positively  stated  is,  that  the  Mineral  Channel  to  the  east- 
ward and  westward  have  characters  markedly  distinct,  the  lodes 
having  different  characters,  while  some  of  the  minerals  found  in  the 
first  are  absent  from  the  second. 

The  main  lode  in  West  Cronebane  and  Tigroney  is  wedge- 
shaped  ;  hard  sulphur-ore  and  some  coppery- ore  occurring  in  lamina 
parallel  to  the  foot  wall ;  while  south  of  it  there  were  ^^  standing 
lodes" — thin  long  cake-like  masses  of  coppery-ore.  The  standing 
lodes  are  all  worked  out ;  principally  in  the  early  part  of  the  present 
century.  The  main  sulphur  lode  has  been  extensively  worked  of 
late  years,  and  very  little  ore  now  remains ;  unless  it  is  possible 
that  in  depth  the  wall  again  separated  {see  note,  last  page).  About 
1880  the  irony  back  of  a  lode  was  proved  in  the  wood  south  of 
Castle  Howard ;  it  appearing  in  the  position  where  the  North  lode 
of  BaUymurtagh  ought  to  be  found. 

In  the  county,  north  of  Cronebane  and  Oonnary,  are  minor 
veins :  one,  Lion^s  Arch  lode,  north  of  Castle  Howard,  having  been 
worked  profitably  between  1870  and  1880  for  iron  and  sulphur- 
ore.  Some  of  the  other  lodes  might  be  remunerative  if  worked  in 
oonnexion  with  one  of  the  larger  lodes. 

A  deep  level  was  commenced  near  the  old  Glebe  in  Shrough- 
imore,  which  was  to  have  been  carried  south-east  till  it  cut  the 
Connary  lode :  unfortunately  this  was  not  continued,  as  there  are 
reasons  for  supposing  that  it  might  have  cut  more  than  one  lode 
in  its  course. 

Copies  of  the  plans,  and  sections  of  the  majority  of  the  old  and 
new  workmgs  in  the  East  Ovoca  Mines  are  lodged  in  the  Mining 
Becord  Office,  London. 
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To  tlie  wfA  of  tbe  Oima  BiTer  are  the  Wbst  Ovoca  Mdub, 
indndxc^  the  two  BftDrgmhaiM  mnd  Ballymuitagh. 

BaZvnsiirtaLgh  and  Lover  Ballrgahan   are  divided   from  the 
East  MiiMi  by  a  channel  of  dead  groiuid  in  the  Ovoca  River 
YaLev,  vhi«:h  heaves  left  hand  the  latter  northward.    In  these  aie 
the  North  and  Sonth^snlphor  lodes ;  whileaouth  of  the  latter  are  the 
Standing  cc^f -pery  lodes,  all  the  kdes  being  in  character  reepectiTely 
^inl:Iar  to  tha«e  in  the  Tigronev  and  West  Cronebane  setts.     There 
is  a  slight  left-hand  heave  near  the  bonndazy  of  Ballymnitagh 
and  Ballygahan.      East   of  this»  in  the  latter,  the  north  lode 
earned  coppery  ore  only ;  while  in  the  Ballymurtagh  North  lode 
there  is  a  gossan  of  iron,  or  ochre,  on  a  rich  sulphur  lode.      Here 
there  was  no  gossan  lode ;  hot  in  places  between  the  gossan  and 
the  lode  was  a  large  **  vug "  full  of  water.     Much  of  the  ore  in 
these  lodes  is  stiU  unbroken. 

In  Ballymurtagh,  between  the  North  and  South  lodes,  there 
was  a  shoot  of  ore,  ^  Pond  lode :  '*   this  is  worked  out.      In  the 
South  lode,  Ballymurtagh,  the  ore  has  been  broken  more  or  le^s 
to  110  fathoms  below  the  Margaret  level,  aud  iu  Ballygahan  to  70 
fathoms  below  the  adit,  the  deepest  working  in  the  first  being 
24  fathoms  below  the  deepest  in  the  last.     At  the  breast  of  the 
workings  in  Ballygahan,  at  60  fathoms,  the  ore  gave  37  units  of 
sulphur,  and  4*4  units  of  copper,  the  course  being  over  II  fathoms 
wide,  the  south  hanging  wall  not  having  being  reached.      Bslly- 
murtagh  and  Ballygahan  would  be  more  profitably  worked  as  one 
ir.ine;    because  at  any  time,  on  account  of  the  underlie  of  ihe 
South  lode,  the  portion  in  Ballymurtagh  oould  be  undercut  by 
a  level  in  Ballygahan. 

In  Ballymurtagh  South  lode  there  was  a  lenticular  mass  of  an 
ore  allied  to  Kilmacooite,  it  in  places  being  very  auriferous.' 

In  uo  place  in  either  Ballygahan  or  Ballymurtagh  has  the 
bottom  of  the  lode  being  reached ;  while  in  both  there  are  good 
breasts  of  unbroken  ore.  Copies  of  all  the  plans  and  sections  of 
these  mines  are  lodged  in  the  Mining  Record  Office,  London. 


^  In  Culvert's  analyais,  in  five  out  of  six,  there  is  a  return  of  gQld«  vliile  in  tbr 
analysis  by  Apjohn  and  others  no  gold  was  found.  This  is  another  aTamplft  of  th^ 
oare  with  which  specimens  should  be  selected.  Culyezt*s  specimens  were  from  tkis 
peculiar  ore,  which  did  not  repx«sent  the  true  lode,  and  therefore  raised  a  false  hope. 
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In  the  Mineral  Channel  sonth  of  the  Ballygahan  portion  of  the 
lode  there'  were  Standing  veins  of  coppery  ore ;  but  as  these  were 
followed  westward  they  joined  into  the  South  lode  of  Ballymur- 
tagh.     These  coppery  lodes  for  the  most  part  are  worked  out. 

In  the  county  immediately  north  of  Ballymurtagh  and  Bally- 
gahan there  are  a  great  many  small  veins  of  sulphur-ore,  with  a 
few  of  lead.  Various  trials  have  been  made  on  the  sulphur-ore 
lodes,  none  of  which  are  of  good  promise ;  but  some  of  the  lead 
lodes  seem  to  have  been  worked  by  the  '^  Old  Men." 

Westward  of  Ballymurtagh,  in  Upper  Ballygahan,  Killeagh, 
.and  Ballymoneen  there  are  various  traces  and  small  veins,  on 
which  numerous  trials  have  been  made  without  success,  looking 
for  the  continuation  of  the  mineral  channel  in  the  strikes  of  the 
Ballymurtagh  lodes,  as  the  Ballymurtagh  lodes,  seem  to  become 
poor,  as  if  they  approach  a  left-hand  heave ;  the  trials  seemingly 
-ought  to  have  been  made  more  to  the  south,  in  the  townland  of 
Scdiinapark. 

Farther  south-west  are  the  South  "Wbst  Ovoca,  or  Knock- 
T^AMOHiLL  Mines,  including  the  portions  of  the  Channel  in  Bally- 
nioneen,  Ballinapark,  and  Knooknamohill.  Here  there  also  seems 
to  be  both  North  and  South  lodes.  The  gossan,  or  iron  back  of 
the  first  was  extensively  worked  in  the  Chamney  times ;  and  in 
late  years  a  large  "parcel,"  of  ore,  was  raised  to  the  east,  in 
Ballymoneen  ("  Hodgeson's  shaft").  The  ore  was  rich,  giving 
75  units  of  iron ;  but  when  worked  the  iron  was  "  cold  short." 
Mr.  W.  E.  Adeney,  Analytical  Chemist,  Royal  College  of  Science, 
wlio  has  lately  analysed  the  ore,  states : — "  The  fact  of  its  going 
oold  short  was  due  to  the  phosphoric  acid ;  but  by  the  method  of 
Gilchrist  now  employed,  phosphoric  acid  is  no  detriment ;  on  the 
contrary,  in  ores  that  contain  little  silica,  as  this  one  does,  phos- 
phoric acid  is  an  advantage,  and,  I  think,  this  ore  might  be  tried 
by  Gilchrist's  method  with  great  success." 

In  these  townlands  the  lode  under  its  iron  back  (gossan)  does 
not  appear  to  have  been  broken,  and  the  nature  of  the  minerals  is 
unknown,  A  shalloii^r  level,  apparently  to  drain  the  Iron  Mining, 
was  driven  up  northward  from  the  mearing  of  Ballinapark.  The 
Ohannel  and  lode  to  the  westward  is  cut  off  in  Knooknamohill  by 
A  fault. 

The  south  lode  appears  to  have  been  unknown  to  the  ^^  Old 
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Ken."  About  the^jrear  1840  it  was  sunk  on  by  Orodkford,  and 
soma  400  tons  of  coppocy-ore  raised  ;  but  the  adTenturer  getting- 
into  diffieoltiei^  the  mine  was  abandoned,  and  no  further  work  was^ 
done. 

South-west  of  Sjiooknamohill,  in  the  Valley  of  the  Dorragh 
Water,  or  Augfarim  River,  there  are  unknown  oomplioations;  the 
IGneral  Channel  not  having  been  found  from  where  it  is  cut  off 
by  the  Enooknamohill  N.  &  S.  fault  till  it  is  met  with  again 
south  of  the  valley,  in  Ballyooog. 

To  the  south  of  the  Darragh  Water  are  the  Carysport  Mink. 
FVom  Ballyooog  to  Moneyteigue,  north  of  Croaghan-KinsheUa 
the  Mineral  Channel  oan  again  be  traoed,  having  in  it  two  or  three 
lodes  of  sulphur  or  ooppery-ore.  They,  however,  are  not  conti- 
nuous, being  shifted  three  or  four  times,  by  left-hand  heaves. 

There  were  old  workings  at  Ballyooog  and  Moneyteigue,  espe* 
oially  the  latter,  for  iron  ore  y  while  in  late  years  various  tiials 
were  made  by  the  Carysfort  and  other  Companies,  some  iron  and 
good  ooppery-ore  (8  to  12  units  of  oopper)  having  been  raised  at 
Moneyteigue*  In  the  other  plaoes  the  works  were  far  from  satis- 
factory, as  they  evidently  were  entrusted  to  incompetent  hands ; 
and  after  vast  outlay  during  a  number  of  years,  none  of  the  lodes 
have  been  proved,  except  at  the  surface  ;  consequently  their  natoie 
in  depth  is  quite  unknown. 

To  the  north-west  of  Croaghan-Einshella  there  axe  mineral 
indications,  but  no  trials  appear  to  have  been  made. 

To  the  south  of  this  portion  of  the  Mineral  Channel,  in  the  tract 
south  of  the  Darragh  Water,  and  west  of  the  Ovoca  Biver,  various 
small  veins  of  lead,  sulphur,  and  ooppery-ore  have  been  found ;  but 
none  seem  to  be  of  much  promise.  Some  lead  ore  was  raised  at 
Ballintemple,  westward  of  Woodenbridge,  but  the  vein  was 
small. 

Although  the  Mineral  Interests  in  the  county,  as  is  so  general 
elsewhere,  is  now  at  a  low  ebb,  they  must  at  some  time  mend.  It 
is,  therefore,  expedient  to  give  a  brief  forecast  of  what  may  be  the 
proepects  along  the  line  of  the  Mineral  Channel. 

BaUycupple  and  Ballard, — ^The  lode  under  the  iron  and  oohre 
back  unbroken. 

Bockfield. — The  origin  of  the  '^  shode  stones  "  still  to  be  traced 
out. 
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Kilmacoo  and  Connary, — The  Kilmaoooite  may  beoome  a  pro- 
fitable ore.  In  depth  the  walls  of  the  main  lode  may  separate. 
There  is  also  the  ohanoe  of  a  lode  being  found  to  the  northward 
between  Gonnary  and  Shroughmore. 

Magpie. — The  Kilmaoooite  may  beoome  valuable,  and  in  depths 
the  walls  of  the  main  lode  may  separate. 

Yelhw  Bottoms. — ^A  sulphur-ore  lode  probably  exists  under  the 
ochre  bed. 

West  Cronebane  and  Tigroney. — The  walls  in  depth  may  sepa- 
rate. The  North  lode  in  Castle  Howard  Wood  is  totally  un- 
broken. 

Ballygahan  Lower  and  Ballymurtagh. — The  deep  ore  in  the 
South  lode  unbroken.  In  the  North  lode  only  a  small  portion  of 
the  ore  abstracted. 

Ballinaparky  Ballymoneen^  and  Knocknamohill. — ^The  iron  back 
of  the  North  lode  is  more  or  less  removed,  but  the  lode  appears  to 
be  unbroken.    The  South  lode  only  broken  in  one  place. 

Ballycoogy  Ballinasilloge^  and  Moneyteigue. — The  lode  proved 
in  Moneyteigue,  where  iron  and  coppery-ore  has  been  raised ;. 
but  elsewhere  the  nature  of  the  lodes  have  not  been  satisfactorily 
proved. 

From  the  foregoing  notes  it  will  be  seen  that  there  are  other 
places  in  which  prospects  are  not  discouraging.  It  cannot,  how- 
over,  be  said,  without  further  trials,  that  there  is  a  prospect  of  these 
making  future  mines. 

The  other  mines,  also  well  known,  are  those  on  the  lead  lodes 
in  connexion  with  the  great  Granyte  intrude  in  the  northern 
portion  of  the  county,  they  being  principally  situated  in  the 
tributary  glens  to  that  of  Qlendalough  and  in  Glenmalure. 
Luganure,  or  the  upper  portion  of  Qlendasane,  one  of  the 
branches  from  the  first,  being  the  principal  centre  of  industry. 

In  the  beginning  of  the  century  the  mines  in  these  and  a 
few  of  the  neighbouring  glens  were  opened  up  by  Weaver,  who- 
described  the  lodes  in  his  Paper  read  before  the  Geological  Society 
of  London,  May,  1818.  In  1863  they  are  further  described 
by  W.  W.  Smyth,  vol.  i.,  part  iii..  Records  of  the  School  of  Mines; 
but  subsequent  to  the  latter  there  were  valuable  reports  on  in- 
dividual mines  by  others,  especially  those  by  Griffith.  Since^ 
Smyth  wrote,  no  new  lodes  seem  to  have  been  found,  the  works- 
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up  to  late  years  being  on  those  then  known,  or  on  branches  from 
them. 

These  lodes  seem  all  to  have  been  in  the  region  of  the  junction 
between  the  Granyte  and  Schist,  in  the  first  being  more  or  less  rich, 
in  the  latter  in  general  poor  or  nearly  valueless ;  while  in  a  few 
places  at  the  contact  there  were  good  bunches  of  ore.  In  Ghlendas- 
san,  associated  with  the  gaknite^  were  cerusite,  sp/ialerite^  and  pyro- 
morphitCy  the  lead  ores  (galenite  and  cerusite)  giving  eight  to  ten 
ounces  of  silver  to  the  ton.  Of  the  numerous  veins  the  largest 
was  that  called  the  Ceunaderry  lode.  In  late  years,  on  account  of 
the  low  price  of  lead,  the  works  gradually  slackened  off  till  1880, 
when  they  came  to  a  stand  still. 

The  lead  veins  in  Glendalough  were  remarkable,  being  asso- 
•oiated  with  chalybite  (carbonate  of  iron),  the  latter  in  one  place 
being  eight  feet  wide.  The  workings  on  these  lodes  have  been 
discontinued  for  years,  the  lead  veins  being  too  small  to  pay  at  the 
low  prices  for  lead. 

In  Glenmalure  there  are  numerous  small  lodes,  or  strings  of 
lead,  all  of  which  have  been  more  or  less  explored.  The  only 
mine  that  gave  returns  was  that  at  Ballinafunshogue,  to  the  east 
of  the  Eiver  Avonbeg.  This,  when  in  full  work,  was  stopped,  the 
lease  having  expired,  and  excessive  terms,  it  is  said,  being  asked 
for  a  renewal.  The  ores  in  the  lode  were  galenite,  barytes, 
sphalerite,  and  specks  of  chalcopyrite. 

To  the  west  of  the  Avonbeg,  at  Baravore,  there  are  appear- 
ances of  a  good  lode ;  but  only  partially  explored.  Here  barytes 
was  in  quantity,  and  of  very  good  quality.  In  Glonkeen  with 
the  lead  there  was  chalybite. 

Westward  of  Glenmalure,  at  the  North  Prison,  Lugncwiuilla, 
is  a  lode  of  lead,  very  favourably  reported  on  by  the  late  Henry 
liobinson;  but  it  is  very  di£Glcult  of  access.  Lead  also  occurs 
to  the  southward  of  Lugnaquilla,  at  the  waterfall,  northward  of 
the  Aghavannagh  Barracks. 

Eastward  of  Glenmalure  lead  is  recorded,  at  Cullintra  Park 
and^at  Loughs  Dan  and  Tay,  &c.  Lewis  states  the  lode  at  Lough 
Dan  is  worked  out. 

The  localities  for  the  gold  and  tin  found  in  this  county  are 
given  in  the  Lists,  Part  I.  In  connexion  with  a  ^'  gold  digging  " 
ihere  are  the  quartz  reefe^  the  shallow  placeny  the  <fe«p  placers^  dry 
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gulch  placerSj  and  shelf  or  bar  placers,  [Possibility  of  gold  being 
found  in  the  Co.  Wicklow. —Proc,  R.D.S.,  February  19th,  1883.] 
In  the  Wioklow  diggings  the  reefs  have  been  unsuooessfully 
looked  for ;  while  the  gold  was  principally  worked  in  the  "  shallow 
placers,"  and  in  a  few  cases  in  the  "  dry  gulch  placers ; "  but 
neither  the  "deep"  or  "bar  placers"  have  been  explored,  at 
least  in  modem  times.  Tin  was  found  in  some  of  the  "  shallow 
placers." 

Fluorspar  is  recorded  as  occurring  both  crystalline  and  massive 
in  the  Glendalough  Mines ;  but  the  quantity  is  not  stated.  It  is 
now  valuable  as  a  flux  for  iron. 


NOTES   IN   PRESS. 

Donegal,  Ordnance  sheet  58. — South  side  of  Glenaboghill  Lake,  one 

mile  N.N.E.  of  Fintown  ;  a  N.E.  and 
S.W.  lode  of  Silverlead. 

„  „  60. — At  the  head  of  the  Owenbeg,  Glen* 

dowan,  a  thin  lode  of  lead. 

BoG-moM-oBB. — ^Mr.  W.  £.  Adenj  states  :  '*  After  it  has  been  used 
for  the  purification  of  the  gas,  the  ammonium  salts  are  first  extracted 
from  the  spent  ore  by  means  of  water ;  the  fine  ferriferous  powder 
deposited  being  very  valuable  in  the  manufacture  of  brown  paint.  The 
residue  then  dried  and  burnt  for  snlphuric  acid  manufacture.  The 
cinder  left  after  burning  off  the  sulphur  is  often  sent  back  to  be  re- 
used for  washing  gas." 
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xm— rnz   -  :«z:ai.  fsxxsses ^  op  the  shells 
: F  I z^ 7E1 : p: rs  dttekpreted  as  sense- 

•:i:.lVS.       Ft     FLoFESSOR     SOLLAS,     LL.D.. 

Is  li*  ^I'^rw  cz  i:iT«c£«i£ne  the  Tetracdnellida,  bzought 
b:n»  ij  H-M-S.  C^i'-^^p*^^  I  t»d  oeouon  to  cut  thin  alioeB 
ci  tbe  d?c&I^-«d  TalT»  of  a  specimen  of  Waldheimia  cranium 
vli  Ji  Lfci  >e«rn  oT^r^rovn  bj  an  incmsdng  qmnge.  On  examin- 
ixLZ  th^ee  sli.>»  dier  the  cicroseope  with  a  view  to  determining 
the  strscrsre  of  the  spcnge,  I  was  at  once  struck  with  the  resem- 
blance of  the  processes  filling  the  tubules  in  the  shell  of  thiB 
Biaehiopod  to  eenscij  aid  c»^ans  ;  and  as  on  referring  to  Van 
Bemmelen's*  account  of  the  Braehiopod  shell  I  found  no  mentioii 
of  thisy  I  thought  it  might  be  worth  while  to  draw  up  the  follow- 
ing short  account : — 

The  tubular  processes  which  Tazy  greatlj  in  length,  and  though 
occasionally  simple,  are  usually  branched,  and  sometimes  repeat- 
edly so,  are  transparent  and  colourless  for  the  greater  part  of  their 
course,  bearing  small  but  evident  nuclei  in  the  waUs  indicating  the 
epithelial  ceUs  of  which  they  are  constituted.  In  the  centre  they 
show  traces  of  an  axial  fibre,  visible  both  in  transverse  and  longi- 
tudinal sections,  and  probably  of  nervous  nature,  as  it  can  be 
traced  into  continuity  with  the  nerve  cells  of  the  mantle.  At  the 
outer  end  of  the  tubule  its  appearance  rapidly,  almost  abruptly, 
changes,  presenting  a  single  large  finely-granular  cell  with  a  huge 
oval  nucleus  and  spherical  nucleolus ;  both  cell  and  nucleolus  stain 
deeply  with  hsematozylin.  Closer  investigation  reveals  the  pre- 
sence of  numerous  additional  nuclei,  some  of  which  appear  to 
belong  to  the  epithelium  of  the  outer  wall,  which  thus  continues, 
it*  this  be  so,  as  an  investment  to  the  terminal  celL     In  other 


1  Oyer  den  Bouw  der  Schelpen  van  Biachiopoden  en  Chitmen,  Docter-Diawrtatiaa, 
1882,  Van  Bommelen. 
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oases  there  appears  to  be  more  than  one  terminal  cell.  The  innc  r 
end  of  the  terminal  oell  appears  to  be  prolonged  into  a  fibril, 
which  can  sometimes  be  traced  into  continuity  with  the  nudeus 
on  the  one  hand,  and  with  the  axial  fibre  on  the  other.  The 
outer  end  of  the  cell  abuts  against  the  lower  face  of  the  perios- 
tracum,  and  thus  ends  smoothly  and  abruptly,  not  giving  off  hairs 
or  any  other  processes ;  the  fine  striation  which  occurs  at  the  end 
of  the  cell,  and  which  has  been  figured  and  described  by  Van 
Bemmelen,  being  of  another  nature.     The  periostracnm  imme- 


m  =  mantle.        n  =  nerve  cell.        «  =  shell.        t  =  end  of  ccecal  process. 

diately  over  the  end  of  the  tubule  appears  to  easily  separate  from 
that  surrounding  it,  since  I  find  the  end  organs  adherent  by 
means  of  the  [overlying  periostraoum  to  the  base  of  the  inorusting 
sponge,  while  the  rest  of  the  periostracum  has  disappeared  from 
around  them,  i. «.,  been  torn  away  in  the  process  of  cutting. 

Tracing  the  coecal  tube  inwards,  the  axial  fibre  is  continued 
into  the  nervous  layer  of  the  mantle,  as  already  mentioned;  the 
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walls,  on  the  other  hand,  oontinue  into  the  pavement  epithelium 
investing  the  exterior  of  the  mantle,  of  whioh  they  are  demon- 
strably nothing  else  than  an  extension.  This  is  most  plainly 
shown  in  very  young  prooesses  to  be  met  with  near  the  point 
margin  of  the  mantle,  and  whioh  oonsist  of  but  a  few  oells;  the 
tenninal  oell  being  of  a  hemispherioal  form  with  the  rounded 
surface  outwards,  and  evidently  nothing  more  than  an  enlarged 
epithelial  oell. 

The  OGBcal  tubes  of  WaUheimia  cranium  are,  therefore,  epidei^ 
mal  outgrowths,  with  a  large  granular  invaginated  terminid  oell, 
whioh  at  one  end  is  continued  into  a  nerve  fibril,  and  at  the  other 
covered  by  a  transparent  ohitinous  layer,  separating  it  from  ail 
external  influences  likely  to  serve  as  stimuli,  except  that  of  light 
It  would  therefore  appear  that  the  transformation  of  this  form  of 
radiant  energy  into  nervous  disturbance  is  the  function  of  the 
so-called  ccecal  processes.  Still  further  investigation  is  howeyer 
necessary  before  this  view  can  be  fully  adopted,  especially  as  a 
serious  objection  to  it  exists  in  the  absence  of  anything  like 
pigment  in  the  terminal  cells.  Better  material  than  that  at  mj 
disposal  may,  however,  throw  further  light  on  this  and  on  other 
points  which  in  mj  sections  remain  obscure. 
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XXYII.— ZIiVC  AND  ZINC  ORES,  THEIR  MODE  OP  OCCUE- 
RENCE,  METALLURGY,  AND  HISTORY.  IN  INDU ; 
WITH  A  GLOSSARY  OP  ORIENTAL  AND  OTHER 
TITLES  USED  POR  ZINC,  ITS  ORES,  AND  ALLOYS. 
Bt  Y.  ball,  M.  a.,  F.  R.  S.,  Director  of  the  Scienoe 
and  Art  Museum,  Dublin. 

[Read,  December  16,  1886.] 

Sf)HB  years  ago  I  presented  to  this  Society  several  Papers  on  certain 
of  the  mineral  productions  of  India,  regarding  which  no  general 
accounts  founded  on  the  geological  examination  of  the  country  had 
up  to  that  time  appeared.  Since  then  I  have  written  a  volume  on 
the  Economic  Oeohgy  of  India^  in  which  is  incorporated  aU  that 
could  be  ascertained  regarding  the  useful  minerals  of  the  countr}'^ 
up  to  date.  In  the  preparation  of  that  work,  the  more  or  less 
casual  references  to  the  occurrence  of  useful  minerals  which  are 
to  be  found  in  the  writings  by  travellers  in  India  during  the  past 
2000  years  were  as  far  as  possible  explained  and  relegated  to  their 
proper  places.  Owing  partly  to  the  great  extent  of  the  literature 
which  exists  in  the  languages,  both  ancient  and  modem,  of  many 
difFerent  nations,  and  also  owing  to  the  fact  that  many  of  the 
works  known  to  me  were  not  accessible  in  Calcutta  when  I  wrote 
the  Econ(mic  Oeologyy  it  was  unavoidable  that  the  references  to  the 
original  authorities  were  incomplete.  I  have,  however,  during  the 
past  five  years  devoted  a  large  amount  of  time  to  reading  up  all 
that  I  could  meet  with  bearing  on  the  subject,  and  in  that  pursuit 
have  acquired,  or  had  opportunities  of  seeing,  a  number  of  rare  old 
books  on  India  which  have  proved  a  valuable  mine  in  which  the 
information  is  no  doubt  widely  scattered,  in  so  far  as  any  one  sub- 
ject is  concerned,  but  in  which  much  information  regarding  many 
different  subjects  is  to  be  found — ^the  result  being  that  I  have  been 
enabled  to  collect  a  considerable  store  of  facts,  which  I  hope  to 
publish  from  time  to  time  in  a  series  of  Papers  more  or  less  similar 
to  the  present. 

The  subject  of  this  Paper  is,  as  I  think  I  shall  be  able  to  demon- 

•Cinr.  PKOO.,  R.D.B.— TOL.  T.  PT.  T.  Z 
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etrate,  one  of  particular  interest,  in  consequenoe  of  the  fact  that  zinc, 
as  an  isolated  metal,  has  onl  j  been  known  in  Europe  in  compara- 
tively recent  times/  though  several  of  its  combinations  with  other 
metals  were  made  known  to  Western  nations  by  the  traders  who 
brought  them  from  the  &r  East  at  very  remote  periods  of  the  world's 
history. 

In  several  parts  of  India  traces  of  zinc  ores  have  been  met  with 
(chiefly  the  sulphide  or  blende)  in  association  with  ores  of  copper  and 
other  metals ;  and  to  this  circumstance  may  perhaps  be  attributed 
the  fact  that  Abdul  Fazl,  the  author  of  the  Ain-i-Akhari^  in  an 
enumeration  of  metals  which  were  obtained  in  the  rivers  of  the 
Subah  of  Lahore,  includes  brass.'  It  is  conceivable  that  this  refers 
to  a  metal  obtained  in  smelting  an  undesigned  or  natural  combi- 
nation of  ores,  which  was  really  brass  instead  of  copper,  and  hence 
the  ridicule  with  which  the  statement  has  been  criticised  is  perhaps 
not  exactly  deserved. 

That  brass  was  discovered  first  by  such  an  accident  appears  to 
be  generally  admitted.  Afterwards  it  was  manufactured  by  the 
addition  of  natiiral  calajnine  to  molten  copper,  and  even,  when  that 
was  not  obtainable,  by  the  addition  of  artificial  calamine  scraped 
from  the  chimneys  of  smelting  furnaces.'  Upon  this  subject,  and 
its  connexion  with  the  alchemist's  search  for  gold,  some  information 
will  be  found  in  Beckmann's  Uiatory  of  Inventions.* 

Beokmann,  who  regrets  the  scantiness  of  the  available  informa- 
tion about  India,  says  that  the  zinc  came  from  China,  Bengal, 
Malacca,  and  the  Malabar  Coast,  and  adds  that  an  Englishman 
went  to  India  in  the  17th  century  to  discover  the  process  used  there 
in  the  manufacture,  and  returned  with  an  account  that  it  was 
obtained  by  distillation  per  descensum,  I  have  not  yet  been  able 
to  identify  this  Englishman. 

By  a  curious  fatality,  the  principal  zinc  mine  in  India,  of  which 
we  have  certain  knowledge,  was  described  by  Col.  Tod,*  incidentally, 


1  The  name  is  first  mentioned  by  Paracelsus  in  1616,  though  the  metal  appears  to 
have  been  known  to  Albertus  Magnus  in  the  13th  century. 
«  Gladwin's  Ed.,  vol.  ii.  p.  109. 
>  Known  to  Albertus  Magnus  in  the  18th  century. 
«  See  Bohn's  Ed.,  ii.  p.  32. 
*  Eajaithan,  toL  i.  p.  604* 
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as  a  tin  !  mine,  and  this  statement  lias  led  Lassen^  and  others  to 
oondude  that  in  early  times  tin  was  produced  in  the  peninsula  of 
India  itself ;  but  we  are  not  at  present  justified  in  believing  that 
there  was  at  any  time  a  largely-worked  source  of  tin  in  that 
ooimtry,  and  we  are  therefore  driven  to  the  conclusion  that  all  the 
tin  exported  from  Indian  ports  was  first  brought  to  them  from 
Tenasserim  or  the  Malayan  Peninsula  and  its  islands* 

This  mine  is  at  Jawor  or  Zawar,  in  the  Udepur  State  of  Baj- 
poptana.  Tod  states  that  the  annual  revenue  derived  from  it 
amounted  to  a  sum  exceeding  £20,000  (222^000  rupees) ;  so  that 
the  produce  must  have  been  considerable,  and  independently  the 
extent  of  the  excavations  points  to  the  same  conclusion. 

The  mine  of  Dureeba,  or  Daribo,  which  Tod  also  mentions  as  a 
tin  mine,  yielding  a  revenue  of  80,000  rupees,  was,  it  is  believed,  a 
copper  mine. 

The  ores  at  Jawar,  so  far  as  is  known,  consist  of  the  carbonate 
or  Smithsonite,'  and  argentiferous  galena,  but  no  traces  of  tin 
ore  have  been  met  with,  nor  is  there  any  local  tradition  of  tin  ever 
having  been  produced  there.  The  including  rocks  are  believed  to 
be  quartzites  of  the  Arvali  group  of  the  transition  series. 

The  following  account  is  derived  from  a  Paper  published  in  the 
year  1860  by  Captain  Brooke,  who  acquired  most  of  his  informa- 
tion from  one  of  the  native  miners,  still  living  on  the  spot,  who 
had  worked  in  the  mines  before  the  famine  of  1812-13,  when  they 
were  closed.  He  described  the  ore  as  occurring  in  veins  three  or 
four  inches  thick,  and  sometimes  in  bunches,  in  quartz  rock.  The 
pure  ore,  being  very  friable,  was  pounded,  freed  from  quartz,  and 
placed  in  crucibles  some  eight  or  nine  inches  high  and  three 
inches  in  diameter,  with  necks  six  inches  long  and  hulf  an  inch  in 
diameter.  Into  these  necks  the  metal  sublimed  on  the  applica- 
tion of  heat  in  the  following  manner :  the  mouths  being  fastened 
up,  the  crucibles  were  inverted  and  placed  on  a  charcoal  furnace. 
It  took  three  or  four  hours  to  complete  the  fusion  of  the  ore.     It  is 


^  LftBsen,  Indiseh  Alt,,  toI.  i.  p.  232,  was,  however,  aware  that  zinc  occurred  in 
India,  as  he  refers  to  Captain  Brooke's  Paper,  quoted  below. 

a  Much  confusion  exists,  owing  to  the  application  of  the  term  calamine  to  both 
the  hydro-silicate  and  the  carbonate.  See  Dana's  Mimralogy  on  this  subject  of 
nomenclatnre. 

Z2 
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stated  that  the  Qrudbles  used  to  orack  if  any  fragments  of  th» 
matrix  were  inserted  into  them  with  the  ore. 

An  aooonnt  of  these  mines  was  published  in  1872,^  which  is- 
merely  of  value  here  as  testifying  to  the  great  extent  of  the  exoa- 
▼ations,  and  to  the  former  wealth  and  importance  of  the  place, 
which  is  afforded  by  ruins  of  forts,  temples,  &c.  As  for  the  ores,  the- 
information  about  them  is  not  only  scanty,  but  probably  incorrect: 
it  is  that  ^^  veins  of  almost  pure  lead  ramify  through  the  primitive- 
Tock,  whilst  beautifully-coloured  ores  of  the  mineral  sparkle  over- 
head. Silver  is  obtained  in  small  quantities,  whilst  gold  has  been 
found,  it  is  said,  on  several  occasions."  It  is  possible  that  the  so*^ 
called  ahnost  pure  lead  was  argentiferous  galena ;  but  the  gold  is- 
probably  mythical. 

So  fax  as  I  know,  these  mines  have  not  yet  been  described  by 
the  G-eological  Survey  of  India ;  but  a  description  by  Mr.  Haoket 
of  the  geology  of  the  States  of  Eajpootana,  which  adjoin  Udepur,. 
and  in  which  the  Arvali  rocks  are  strongly  represented,  was- 
published  some  years  ago.' 

There  are  reasons  for  supposing  that  some  of  the  mines  in 
southern  India,  especially  those  in  the  Eamul  district  at  Ghazal- 
pully,  or  Baswapur,  may  have  produced  zinc,*  and  it  is  possible  that 
metal  from  these  local  sources  may  have  in  early  times  supplied 
the  workers  at  Beder  with  their  material.  Other  reported  oocur- 
rences  of  zinc  ores  in  India  are,  so  far  as  is  known,  of  trifling 
importance. 

There  can  be  no  doubt  that  zinc,  as  a  constituent  of  various- 
alloys,  has  been  largely  used  in  India  since  the  earliest  times  re- 
corded by  history;  thus  in  the  6th  century  Sopater  mentions  brass  as 
being  obtainable  at  Galliana,  a  port  in  Bombay ;  and  as  it  is  certain 
that  a  large  amount  of  these  aUoys  reached  India  by  means  of  the 
trade  with  China,  I  shall  presently  refer  to  what  is  known  of  that 
part  of  the  subject. 

In  Materia  Medica,  too,  especially  in  the  treatment  of  cutaneous 
diseases,  evidence  is  available  of  the  employment  of  preparations  of 
zinc  since  very  early  times  in  India. 

^  Indian  Antiquary ^  toI.  i.  p.  63. 

*  Vide  Beeordt  of  the  Oeologieal  Survey  of  India,  1881,  p.  279. 
js  See  Mallet,  Iteeords,  GeoL  Surv.  India,  1881,  p.  305,  and  leonomie  Geologyef 
India,  pp.  284  and  312. 
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An  analysia  by  the  late  Dr.  Walter  Flight*  afifords  some  inter- 
besting  inf oimation  of  one  manuf  aotnre  in  whioh  zino  is  largely  nsed. 
He  sayB  that  the  well-known  **  Bidri  "  ware  of  Beder,  in  Hyderabad, 
<)onsists  of  a  metal  into  which  plates  of  silver  about  the  thickness 
of  writing-paper  are  pressed  into,  the  undercut  grooves  forming  the 
pattern.  The  two  metals  adhere,  and  are  then  finely  polished. 
The  materials  forming,  I.  a  box,  and  II.  a  bottle,  gave  the  follow- 
ing  results : — 

I.  ir. 

Zinc,  by  difference,       .        .        .       94*552  98*516 

Copper, 8-920  8*278 

Lead, 1*400  '  2171 

Gold, ~  0-690 

Iron, 0*128  0*845 

These  proportions  seem  to  suggest  a  doubt  as  to  the  material 
being  a  specially  prepared  alloy.  It  might,  perhaps,  result  from 
the  reduction  of  an  ore  of  zinc  containing  the  other  metals  in 
-combination.  The  presence  of  these  metals  would  account  for  the 
tiurface-colouring,  which  is  brought  out  probably  by  vegetable 
adds.  Whence  the  aUoy  comes  is  not  known ;  but  even  if  imported 
now,  it  is  not  improbable  that  the  art  of  making  the  ware  was  dis- 
ooYered  when  a  local  source  was  known. 

In  Colonel  Yule's  Glossary  of  Anglo-Indian  Words  i\n&  "bidri" 
<alloy  is  described  as  being  a  kind  of  pewter,  containing  one-fourth 
of  copper ;  and  he  adds  that  a  short  description  of  the  manufacture 
is  given  by  Dr.  George  Smith,  in  the  Madras  Lit,  8oc.  Journal^ 
N.  8.,  i.,  pp.  81-84,  and  that  the  ware  was  first  described  by 
Heyne  in  1813.  Possibly  one  or  other  of  these  authors,  whom  I 
-cannot  now  refer  to,  may  give  some  information  as  to  the  source 
from  whence  the  metal  was  obtained ;  but  that  the  true  "  Bidri" 
of  to-day,  of  which  we  have  examples  here  in  the  Museum,  con- 
Bists  maiuly  of  zinc  cannot  be  doubted. 

It  has  been  suggested  by  General  Cunningham'  that  the  alloy 
<A  copper  and  nickel  of  which  the  Bactrian  coins,  found  so  abun- 
dantly in  the  Punjaub,  were  made,  was  imported  from  China.  He 

^  Journal  of  the  Chemical  Society ^  April,  1882. 

'  Numiimatte  Chrmiele,  1873  (3),  13,  N.  S.,  No.  li.  p.  187. 
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thinks  it  possible,  nl.<^,  that  the  ^^  Indian  brass  as  white  as  silyer/' 
mentioned  by  the  poet  Erinagoras,  a  oontemporaiy  of  Strabo,  and 
the  "  white  iron,"  of  whioh  100  talents  were  presented,  by  the 
Ozydraoesd  and  Malli,  to  Alexander,  at  the  junction  of  the  five 
Ponjaub  rivers,  may  both  have  been  Chinese  alloys  of  nickel. 
With  reference  to  the  latter,  I  venture  to  suggest  that  it  may  have 
been  Indian  steel,  or  so-called  tcootz^^  which  we  know  in  the  earliest 
times  was  a  sub  tance  considered  worthy  of  being  presented  to 
kings.  Indian  white  iron,  as  contrasted  with  black  iron,  was  men- 
tioned by  Homer.  Bather  than  suggest  tliat  this  Indian  white 
iron,  supposing  it  not  to  have  been  steel,  was  not  the  produce  of 
India  itself,  I  would  name  two  other  alternatives — one  being  that 
it  was  zinc,  or  an  alloy  of  that  metal,  derived  from  the  above* 
described  mines ;  secondly,  if  it  reaUy  was  an  aUoy  of  nickel,  I 
think  it  just  barely  possible  that  both  it  and  the  material  of  the 
Bactrian  coins  may  have  been  derived  from  certain  mines  in  Baj- 
pootana,'  where  traces  of  nickel  are  known  to  exist,  together  with 
cobalt,  the  latter  being  worked  to  a  small  extent  to  the  present 
day.  That  an  extensive  trade  existed  between  China  and  India  in 
very  remote  periods  is,  as  already  mentioned,  a  well-established 
fact,  and  my  object  in  referring  to  the  matter  is  to  show  the  possi- 
bility of  the  above-named  materials  having  been  obtained  in 
Indian  mines,  as  that  is  an  aspect  of  the  question  somewhat  over- 
looked hitherto. 

China, — In  the  early  centuries  of  our  era  a  western  carryings 
trade  by  the  Chinese  was  continued  from  some  unknown  earlier 
period.  It  extended  as  far  westwards  as  the  Persian  Gulf,  and  to- 
this  trade,  in  the  first  instance,  may  be  attributed  the  introduction 
of  zinc  and  its  combinations  from  China  into  Europe.  Subse- 
quently, though  there  is  a  record  of  Chinese  vessels  visiting  Ormus 
in  the  15th  century,  it  became  contracted,  and  the  Chinese  fleets 
ceased  to  go  beyond  the  ports  of  Ceylon  and  those  of  the  coast  of 

^  Its  Sanscrit  name  was  vag^ra,  a  title  also  applied  to  timnderbolts  and  diamonds, 
in  the  same  way  that  the  term  Adanuu  appears  to  have  been  used.  It  has  been 
recently  shown  by  Colonel  Tule  (Gloitary)^  that  wootz  is  in  reality  not  the  name  of  steel 
in  any  Indian  langua^.  He  attributes  its  origin  to  a  clerical  error,  or  misreading, 
for  wook,  representing  the  Canarese  ukku,  steel.  It  first  appears  in  a  Paper,  by 
O.  Pearson,  M.  D.,  in  Fhil.  Trans,  for  1796. 

'  JEeonomic  Geology  of  Indian  324-326. 
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Malabar,  where  they  met  the  fleets  of  the  various  nations — at  first 
Phcanioians,    Gh^eks,   Romans,   Arahs ;    afterwards   Portuguese,    I 
Dutch,  and  English,  which  successively  had  possession  of  the  com-    ' 
merce. 

Now,  although  I  have  shown  that  an  actu^  source  of  zinc  ex- 
ists in  India,  and  was  possibly  worked  long  before  the  17th  cen- 
tury, it  is  undoubtedly  the  fact  that  much  of  the  zinc  which 
was  shipped  by  the  vessels  of  these  various  nationalities  at  Indian 
ports  had  been  first  brought  from  China  to  be  bartered  for  Indian, 
or,  it  may  have  been,  European  commodities.  Hence  it  is  not 
always  safe  to  assume  that  tlie  articles,  though  shipped  at  Indian 
ports,  and  bearing  their  names,  perchance,  or  other  names  of  Indian 
origin,  were  really  products  of  India  itself. 

As  examples  of  the  coufu^ion  which  has  arisen  from  similar 
causes,  I  may  quote  the  case  of  two  localities  where  diamonds  were       « 
obtained  as  merchandise,  with  the  result  that  the  countries  in  „  •( 

which  they  were  situated  often  appear  enumerated,  erroneously,  r^»i^^>'* 
as  producing  diamonds  themselves.     Thus,  Ceylon*  is  spoken  of  as      r\a.tym 
affording  diamonds,  and  the  report,  though  perhaps  partly  due  - 
to  the  false  diamonds  which  are  there  made  of  white  sapphires 
and  zircons,  is  probably  mainly  attributable  to  the  fact  that  dia- 
monds brought  from  Masulipatnm,  and  other  parts  of  the  Coro- 
mandel  coast  of  India,  were  on  sale  there.   Similarly,  the  diamonds 
purchased  by  traders  in  Malacca,  and  other  older  ports  of  the  Ma- 
layan peninsula,  were  in  all  probability  received  first  from  Borneo, 
and  to  some  extent,  perhaps,  from  India  too,  just  as  it  is  possible 
that  Borneo  may  also  have  contributed  to  the  Ceylon  supply.     It 
ahould  be  added,  however,  that  the  name  Malacca  was  used  in  the 
time  of  Idnschotten*  for  Borneo,  and  hence  much  confusion  by 
subsequent  writers,  as  I  shall  ex[ilaiu  on  some  future  occasion. 

To  follow  up  all  the  information  now  available  as  to  the  oc- 
ooirence  of  zinc  ores  in  China  would  involve  a  very  considerable 
amount  of  space,  and  its  treatment  here  would  not  precisely  belong 
to  the  specific  object  at  present  in  view. 

An  early  account'  of  the  process  followed  in  the  manufacture  ^ 

^  By  KazYini,  in  ^'aib-al'makklakui.   See  /.  A.  S.  B.,  toI.  idii.  p.  632,  and  many 
odier  anthorities. 

'  /.#.  the  end  of  the  16th  century. 

*  Sir  O.  Stannton'i  lord  Ifaeart«ep*t  Emhu9ay  to  Cfhina,  1747,  Tol.  ill.  p.  382. 
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of  zino  in  China  may,  however,  be  quoted : — ^^  Tu^te-nag  (t.  e.  tlie 
name  by  which  it  was  known  in  India)  is,  properly  speaking,  zino 
extracted  from  a  rich  ore  or  calamine*  The  ore  is  powdered  and 
mixed  with  charcoal-dust,  and  placed  in  earthen  jars  over  a  alow 
fire,  by  means  of  which  the  metal  rises  in  the  form  of  vapour  in 
a  common  distilling  apparatus.  The  calamine  from  whence  this 
zinc  is  thus  extracted  contains  veiy  little  iron,  and  no  lead  or 
arsenic,  so  common  in  the  cadmium  of  Europe,  and  which  ex- 
traneous substances  contribute  to  tarnish  the  oompositions  made 
of  it,  and  prevent  their  taking  so  fine  a  polish  as  ^epeh-tung  of 
China." 

Colonel  Yule,  in  his  OUmary  (Art.  Tootnague\  quotes  a  number 
of  authorities  who  mention  this  substance  as  being  an  artide  of 
trade  from  China  to  India.  He  points  out  that  the  name  tootnague 
is  not  only  applied  by  the  natives  of  India  and  in  commerce  to  the 
peh'tung^  or  white  copper  of  the  Chinese,  but  that,  like  spelter,  it  is 
applied  loosely  to  zinc  or  pewter  {peh-t/uen^  or  white-lead  of  the 
Chinese). 

He  also  quotes  the  following,  which,  for  convenience  of  refe- 
rence, are  inserted  here : — ^^  M.  Joubert^  of  the  Qamier  Expedition^ 
came  to  the  conclusion  that  the  CbiaeBe  peh-tung  was  produced  (in 
Yunnan)  by  a  direct  mixture  of  the  ores  in  the  furnace."  And 
*'  Wells  Williams'  says,  *  The  peh-iung  argentine,  or  white  copper 
of  the  Chinese,  is  an  alloy  of  copper  40*4,  zinc  25-4,  nickel  31*6, 
and  iron  2*6,  and  occasionally  a  little  silver :  these  proportions  are 
nearly  those  of  German  silver.' "  Further  information  is  to  be 
found  in  the  work  by  St.  Julien  and  P.  Campion,  quoted  below.* 

The  following  glossary  is  not  exhaustive,  as  there  are  many- 
named  combinations  mentioned  by  Savot  and  other  early  writers, 
into  the  nature  of  which  I  do  not  propose  to  enter  at  present. 
Savot's  work,  especially,  contains  some  interesting  information  on 
the  subject. 


^  Voyage  de  Exploration^  iL  160. 
>  MiddU  Kingdom,  £d.  1883,  19. 
'  Industries  Anciennes  et  2£odem$s  de  P Empire  Chinois,  1869,  p.  76. 
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<}l088ARY  of  80MB   ORIENTAL  AND  OTHBK  TiTLES   USED   FOR  ZiNC 

AND  ITS  Alloys. 

Bidar^  BUri  (Hindustani). — ^This  is  described  by  Forbes  [Diet.) 
418  the  metal  of  which  httkkas  are  made  (at  Beder).  It  has  been 
shown  by  Dr.  Flight's  analysis,  quoted  on  p.  325,  to  consist  piin- 
<dpally  of  zinc.  Curiously  enough,  Forbes  gives  no  name  directly 
for  zinc  in  his  dictionary.  Kasiat  he  names  as  a  yariety  of 
•**  bidar."  An  article  on  "bidri"  will  be  found  in  Colonel  Yule's 
Olossart/f  as  stated  on  p.  325. 

Birinj\  or  Pital  (Hindustani). — ^According  to  the  Ain-i-Akbari^ 
this  metal  (brass)  is  of  three  (P  two)  kinds :  one  kind  is  malleable 
without  being  heated  in  the  fire,  and  it  is  made  of  two  seers  of 
oopper  to  one  seer  and  a-half  of  rotutia.  The  other  kind  is  not 
malleable,  and  it  is  used  in  casting ;  this  is  compounded  of  two 
aeers  of  copper  and  one  seer  and  a-half  of  rotutia.  The  propor- 
tions being  identical  in  each  case,  the  translator  has  probably  made 
a  mistake  {see  Gladwin's  ed.,  vol.  i.  p.  41.) 

Cadmia  (Latin). — The  name  ^'  cadmia"  seems  to  have  been  ap- 
plied by  Pliny  to  several  ores  containing  zinc,  from  which  brass  was 
made,  and  also  to  the  furnace  products,  whether  of  calcination  or 
Bublimation,  found  when  ores  containing  zinc  were  roasted.  In 
some  measure  it  therefore  bore  the  same  signification  as  calamine, 
but  it  covered  a  wider  range,  being  applied  to  ores  which  contained 
no  calamine,  but  which,  when  roasted,  produced  the  furnace  cala- 
mine {see  Beckmann,  Hist  of  Inventions^  Art.  Zinc.) 

Calamine. — See  for  suggested  origin  of  this  name  the  Chinese 
^^  Tu  shih"  p.  331.  By  some  authors  the  name  is  still  applied  to 
the  carbonate  (Smithsonite),  but  Dana  advocates  its  being  re» 
served  for  the  hydro-silicate. 

Caien^  Calat^m,  Calay  (Hin.  KalaH,  i.e.  Tin). — Under  one  or 
other  of  the  above  names  authors  have  sometimes  apparently  re- 
ferred to  zinc ;  but  these  titles  are,  strictly  speaking,  <x)rruptions  of 
the  proper  name  for  tin.  And  in  some  cases  it  is  doubtful  whether 
the  writers  merely  applied  the  wrong  name  to  a  substance  which 
was  either  zinc  or  pewter,  or  gave  the  right  name  to  the  substance — 
tin — ^which  they  thought  was  a  different  metal,  as  it  was  some  little 
time  after  Indian  tin  reached  the  markets  that  its  identity  with 
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the  European  tin,  whioh  had  been  imported  into  India  by  the 
Gbeeks  and  Romans,  &o.,  oame  to  be  fully  realized. 

Hasht  DJiat  (Hindustani)  (lit.  '*  eight  metals") — as  desoiibed 
in  the  Ain-i-Akhariy  consists  of  a  mixture  of  gold,  silyer,  copper, 
tin,  iron,  lead,  rotuiiay  and  kanseh,  the  last  being  a  kind  of 
bronze,  consisting  of  copper  and  tin  in  the  proportions  of  4  :  1 
{see  Gladwin's  ed.,  vol.  i.  p.  40). 

KT^ar  sini  (Arabic)  (»  Alkali  of  China)  is  the  name  given  by 
Kazvini  to  zinc  in  the  13th  centuiy,  according  to  Newbold  {see 
J.A.-8.  B.y  vol.  xiii.  p.  656). 

Pital  (Hin.). — See  Birinj, 

Rotutia. — In  the  Ain-i-Akbari  this  is  enumerated  as  one  of  the 
seven  known  metals,  the  others  being  gold,  silver,  copper,  tin,  iron, 
and  lead.  The  translator,  in  a  footnote,  calls  it  *^  a  kind  of  native 
pewter."  As  elsewhere  mentioned,  Abdul  Fazl  includes  brass 
(and  roweyy  an  alloy  of  copper  and  lead)  in  the  list  of  metals 
obtained  by  washing  in  the  rivers  of  Subahy  Lahore  (Gladwin's 
Ed.,  vol.  i.  p.  40,  and  vol.  ii.  p.  109).  Tutia^  according  to  Colonel 
Yule  {Oio88afy)y  is  the  Persian  for  oxide  of  zinc,  and  is  the  base  of 
the  word  Tootnaguey  q.  v. 

SpelteVy  Spiaufer,  SpeanteVy  SpealtcTj  Speltrum. — According  to* 
Beckmann,  this  word  came  to  us,  with  the  commodity,  from  India; 
but  the  derivation  of  the  word  seems  doubtful.  "Spelter"  is  at 
present  used  vaguely  for  zinc  and  pewter,  and  as  such  appears  in 
the  ordinary  commercial  trade  returns  of  India. 

TeoU'shih?  (Chinese). — This  name  of  a  metal  occuiiing  at 
Tseh-kia  {i.e.  Takka,  on  the  Chenab  Biver,  in  the  Punjab)  is  men- 
tioned in  the  Si  yu-kiy  a  Chinese  work,  compiled  in  a.d.  646,  and 
of  which  an  edition  has  recently  been  edited  by  Mr.  Samuel  Beale^ 
who  says  (p.  166) :  "  The  teou-shih,  of  which  such  frequent  men- 
tion is  made  by  llieun  Tsiang,  is  said  to  be  a  compoimd  of  equal 
parts  of  copper  and  calamine"  [see  Julien).  Medhurst  {Diet.) 
suggests  that  it  is  native  copper,  which  might  seem  not  improbable, 
i)xcept  that  it  occurs  in  some  of  the  lists  together  with  copper 
{tecu). 

Tomback  (Hindustani). — ^This  is  a  variety  of.  brass  formed  of 
zinc  and  copper.  At  one  time  it  was  regarded  as  being  of  more 
value  than  gold.  It  was  imported  from  Indo-Chinese  countries. 
Colonel  Yule,  in  his  Olimaryy  gives  several  quotations  as  to  its 
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in  Java,  Borneo,  and  Siam.    The  terms  pinohbeck  and  prinoeV 
metal  appear  to  be  applicable  to  the  same  compounds  as  tomhack. 

Tootnague  (Hindustani). — Colonel  Yule  [Glossary)  divides  the 
meanings  attached  to  this  name  under  two  headings,  one  being 
equal  to  the  peh-tung  of  the  Chinese,  the  composition  of  which  is 
given  on  p.  328  ;  while  the  other  is  a  loose  application  to  either  zina 
or  pewter,  corresponding,  therefore,  with  the  common  commercial 
and  very  vague  term  "  spelter."  According  to  Beckmann,  it  was 
applied  to  a  mixture  of  tin  and  bismuth.  This  was  probably  when 
tin  from  the  Straits  was  first  introduced  to  European  commerce  by 
(he  Portuguese,  in  the  15th  century.  Calaemy  which  was  also^  ' 
used,  was  the  more  correct  title. 

The  word  is  derived  from  the  Persian  tutiay  an  oxide  of  zino, 
a  title  which  is  commonly  used  now  in  European  works  on 
Materia  Medica  for  the  artificial  oxide. 

Yu'Shih  (Chinese),  which  is  mentioned,  as  well  as  teou-shihy  in 
the  Suyu^kiy  a  Chinese  work  compiled  in  the  year  a.d.  6i<>,  is 
considered  by  Medhurst  to  be  calamine,  used  in  the  formation  of 
brass.  Mr.  S.  Beale,  who  suggests  its  identity  with  the  caiimia  of 
Pliny,  says  that  it  was  possibly  called  calamine  from  the  name  of 
a  port  Calamina,  at  the  mouth  of  the  Indus,  from  which  circum- 
stance  the  Chinese  described  it  as  coming  from  Po-sse  («.  e.  Persia). 
I  have  not  been  able  as  yet  to  trace  the  name  Calamina  on  the 
Indus,  but  Calliana — a  name  for  a  port  in  Bombay — is  mentioned 
by  Sopater  (a  traveller  of  the  middle  of  the  6th  century)  as  a  place 
where  brass  was  to  be  obtained  [vide  Sir  Emerson  Tennant's  Ceylon^ 
vol.  i.  p.  545). 


/" 
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XXVin.— ON  THE  EXISTING  RECORDS  AS  TO  THE  Dlft- 
COVERT  OF  A  DIAMOND  IN  IRELAND  IN  THE 
TEAR  1816.  Bt  Y.  BALL,  M.A.,  F.R.8.,  Director  of 
the  Science  and  Art  Moseum,  Dublin. 

[Bm<  April  16,  1883.] 

[From  tbe  aboTO  given  date  it  will  be  eeen  Uiat  nearly  four  yean  have  abpted 
anMe  this  Ftpcr  vas  read.  The  delay  in  ita  publication  baa  been  due  to  tbe  &et 
that  I  waa  denroua  of  obtaining  tome  farther  information  on  the  aubject,  and,  if 
poanUe,  of  availing  myaelf  of  some  opportunity  for  making  a  personal  examination  of 
the  loeality  where  the  diaeoTery  ia  stated  to  have  been  made.  Although  up  to  the 
pieeent  I  hare  not  obtained  any  additional  infonnation,  and  have  been  unable  to  main 
the  projected  examination,  I  hare  been  led  to  delay  the  publication  no  longer,  as  it  may 
direct  attention  to  the  subject,  and  so  lead  to  the  required  information  being  acqairel 
Moreover,  inquirirs  have  been  recently  addreesed  to  me  as  to  what  the  facta  of  the  caae 
really  are.  Imperfect,  and  it  must  be  said  inconduaive,  as  they  appear  to  be,  thej 
are,  therefore,  now  recorded  for  future  reference.] 

For  some  time  I  have  been  engaged  in  the  collection  of  ma- 
terials for  a  general  correlation  of  the  diamond-bearing  deposit! 
throughout  the  world,  and  have  already  amassed  a  considerable 
amount  of  information  on  the  subject.  Regarding  some  localitiee, 
however,  the  accounts  are  geologically  defective,  and  I  must  defer 
for  the  present  attempting  to  draw  up  a  general  statement  of  the 
facts.  In  the  meantime,  however,  I  would  direct  attention  to  a 
record  of  the  discovery  of  a  diamond  in  Ireland,  as  the  subject  ib 
likely  to  prove  of  special  interest  here. 

In  Karl  Ritter's  Erdkunde  Asien  (vol.  vi.,  published  in  1836) 
I  first  met  with  the  statement  that  a  diamond  had  been  dis- 
covered in  Ireland.  Subsequently  I  foimd  it  repeated  by  several 
different  writers,  and  quite  recently  I  have  been  enabled  to  coii- 
sult  John  Murray's  work  on  diamonds,  which  was  published  in 
1831,  where  the  fact  appears  to  have  been  first  recorded.  The 
passage  is  as  follows  :^ — ''  A  diamond  has  also  been  found  in  h^ 
land,  in  the  bed  of  a  brook  flowing  through  the  district  of  Fer- 
managh.     It  possesses  a  red  tint,  and  was  brought  to  a  lady 

>  Murray,  On  thi  Diamond^  p.  30.    London,  1S31. 

Digitized  by  LjOOQ IC 


Ball — On  the  Discaverp  of  a  Diamond  in  Ireland.         333 

resident  there  by  a  little  girl  who  said  she  had  picked  it  op  in  the 
bed  of  the  brook.  The  bearer  was  rewarded  with  sixpence  by  the 
lady,  who  had  been  in  the  habit  of  collecting  pebbles,  &o.,  from 
the  rivulet.  This  rough  diamond  was  afterwards  submitted  by 
the  lady  to  Mr.  Mackay,  an  eminent  jeweller  of  Dublin,  who 
pronoimced  it  to  be  a  diamond ;  and  not  long  after  the  opinion 
of  the  late  Mr.  Bimdell  of  Ludgate  Hill  was  obtained,  who  valued 
it  as  a  diamond  worth  twenty  guineas  in  its  then  rough  attire. 
On  ascertaining  this  the  lady  issued  a  notice  desiring  to  see  th& 
girl  again,  but  she  never  afterwards  made  her  appearance,  perhaps 
fearful  to  lose  the  sixpence,  for  it  appears  that  even  this  remunera- 
tion was  only  granted  conditionally.  We  received  our  information 
in  person  from  the  Rev.  Dr.  Bobinson,  of  the  Eoyal  Observatory 
nt  Armagh,  a  gentleman  of  high  scientific  attainments,  who  had 
^^he  gem  in  his  possession,  and  was  well  qualified  to  judge.'' 

Before  meeting  with  this  passage  I  was  told  by  Lord  James 
Butler  that  the  diamond  was  still  in  the  family  of  Sir  Victor 
Brooke,  to  whom  I  accordingly  wrote,  and  he  kindly  favoured  me 
with  the  following  reply,  which  differs  from  Murray's  account 
only  in  so  far  as  regards  immaterial  points,  such  as  the  names  of 
the  jewellers  who  handled  the  stone.  But  in  order  that  the 
evidence  should  carry  conviction  as  to  the  original  matrix  of  the 
diamond  having  been  in  the  rocks  of  the  neighbourhood,  further 
proof  as  to  the  actual  position  and  circimistanoes  with  which  it  was 
found  seems  desirable.  I  am  led  to  make  this  remark  since  I  have 
twice  seen  specimens  of  fossil  bones  obtained  from  fishermen's 
houses  in  Ireland,  which  were  said  to  have  been  dragged  up  in  the 
nets,  but  which,  if  they  had  not  first  been  dropped  from  vessels 
into  the  sea,  were,  probably,  brought  from  far  distant  localities  by 
some  travelled  friends  of  the  fishermen. 

Sir  Victor  Brooke's  letter  is  as  follows :  — "  The  diamond  was 
found  in  the  year  1816  in  the  Colebrooke  river  (which  takes  its 
rise  in  the  mountains  between  Monaghan  and  Fermanagh,  and 
flows  into  upper  Lough  Erne).  It  was  brought  to  my  grand- 
mother. Lady  Brooke,  by  a  little  girl  who  had  been  searching  for 
pearls.  Lady  Brooke  placed  it  in  her  inkstand,  where  my  father, 
who  had  just  returned  from  Brazil,  observed  it  by  chance.  He 
was  struck  with  it,  and  said  he  suspected  it  to  be  a  diamond,  and 
took  it  up  to  West,  the  jeweller,  in  Dublin.     West  pronounced  it 
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to  fe  ttrtaiiily  a  <lwiiil  My  fitlMr  then  took  it  to  Storr  and 
Mrfftnna;  vbo  ojwtiiawl  Wasfs  opinion,  and  it  was  set  m  Wiok- 
low  gold  CEtlMr  by  West  or  Stonr  and  Mortimer.  It  is  now  an 
heir-kioai  in  mj  iniily.  It  is  n  nioe  diamond,  not  quite  so  large 
as  a  swan-akot ;  its  only  flaw  being  that  it  is  slightly  tinged  irith 
ydlow.  Tlisra  eaa  be  ne  doM  mkaU9er  about  the  authentioify  of 
thestoffy.** 

The  rocks  tiaiiiBed  by  the  Golebrooke  river,  in  its  upper 
reaches,  erquist  of  beds  referred  to  the  Old  Bed  Sandhtone,  and  ap- 
parently the  Silurian  fonnation  is  also  represented  close  by.  Now, 
eseppting  South  African  localities,  it  would  seem  that  the  original 
matrix  of  the  diamond,  in  most  of  those  countries  where  it  is 
founds  is  in  nx^  of  these  ages  or  somewhat  older.  It  is  true  that 
in  Borneo  both  diam<Mids  and  gold  are  found  in  tertiary  deposits; 
but  tliere  can  be  little  doubt  that  neither  the  one  nor  the  other 
originated  in  them,  but  were  derived  from  older  {^leeozoio  roda. 
In  India,  too,  the  diamonds  are  generally  found  in  diluvial  de- 
tritus, which  is,  however,  largely  made  up  of  materials  obviously 
doived  from  rocks  of  possibly  Devonian  or  Silurian  age. 

In  Bra&l,  according  to  a  lately  published  aooount\  the  nuBee 
at  Gnio  Mogol  and  other  localities  are  in  a  bed  of  palseozoio  age, 
and  at  Parana  they  occur  in  Devonian  sandstones  and  oonglo- 
merates.  Mr.  O.  A.  Derby,  the  writer  of  this  account,  consid«fs 
that  the  diamonds,  like  the  pebbles  with  which  they  are  assooiatod, 
are  all  of  detrital  origin.  But  at  Sao  Joao  the  diamond  is  belie?ed 
to  occur  in  its  original  matrix,  namely,  a  vein  of  quartz  called 
barro^  now  decomposed,  but  containing  iron  and  tourmaline.  This 
vein  traverses  unctuous  schists  and  itaoolumites,  which  ore  believed 
to  be  of  Cambrian  age. 

Thus,  in  so  far  as  the  age  of  the  rocks  goes,  there  is  sufficient 
resemblance  to  the  conditions  of  diamond  occurrence  in  other  parts 
of  the  world,  for  saying  that  there  is  no  inherent  improbabilitj  in 
the  supposition  that  the  diamond  which  is  the  subject  of  this 
notice  may  have  originated  near  the  spot  where  it  is  stated  to 
have  been  found. 

>  Anmiem  Journal  of  SeUnct,  February,  1882. 
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XXIX.— AN  EXPEEIMENTAL  METHOD   OP  DETERMINING 
MOMENTS  OP  INERTIA.    By  GERALD  STONEY,  B.A. 

[Read,  December  16,  1886.] 

Of  the  integralfl  which  are  found  to  be  useful  to  engineers,  pro- 
bably that  which  is  most  frequently  required  is  the  moment  of 
inertia  of  a  plane  round  an  axis  in  the  plane — 

-where  y  is  the  distance  of  an  element  of  area  da  from  the  axis 
round  which  the  moment  of  inertia  is  to  be  taken.  On  the  value 
of  this  moment  of  inertia  depends,  among  other  things,  the  calcu- 
lation of  the  transverse  strength  and  deflection  of  beams ;  of  the 
strength  of  long  pillars ;  of  the  distribution  of  the  pressure  on  the 
foimdations  of  retaining  walls  and  abutments,  &c.  In  all  such 
problems  it  is  necessary  to  determine  the  moment  of  inertia  of  the 
<!ross-8ection ;  and  where  this  is  of  complicated  form  the  calculation 
is  often  difficult,  so  that  it  would  be  a  boon  to  engineers  to  have 
some  simple  experimental  method  of  amving  at  the  result.  Even 
where  the  moment  of  inertia  is  determined  by  calculation,  it  is 
often  useful  to  have  an  experimental  method  of  checking  the  cor- 
rectness of  the  work. 

The  following  method  of  determining  the  moment  of  inertia 
occurred  to  the  author  when  engaged  in  employing  the  graphical 
method  of  investigating  the  distribution  of  pressure  along  the  over- 
hung bearipg  of  a  shaft.  In  this  method  ordinates  being  erected 
proportional  to  the  pressures  at  various  points  along  the  bearing,  the 
centre  of  gravity  of  the  figure  so  formed  is  a  point  on  the  line 
of  pressure.  In  the  analytical  method  the  same  result  would  be 
reached  by  the  help  of  a  moment  of  inertia,  and  the  comparison  of 
these  two  methods  suggested  the  following  experimental  way  of 
determining  moments  of  inertia: — 

Cut  from  the  pillar,  of  the  section  of  which  we  want  to  find 
the  moment  of  inertia,  or  from  a  model  of  it,  a  parallel  slice  5, 
l)etween  two  eross-seotions,  and  a  wedge  7F  between  a  cross-section 


Digitized  by  LjOOQIC 


336 


Scientific  ProceedingSy  Boyal  Dublin  Society. 


and  a  sloping  section,  interseoting  along  m  fi,  a  line  parallel  to  the^ 
axis  round  which  the  moment  of  inertia  is  to  be  taken.    This^ 


latter,  in  nearly  all  the  oases  required  by  engineers,  is  a  line 
passing  through  the  centre  of  gravity  of  the  cross-section. 

Balance  8  and  W  on  knife  edges,  and  so  determine  y,  the 
distance  of  the  centre  of  gravity  of  Sj  and  F,  the  distance  of  the 
centre  of  gravity  of  fF",  from  ww.  Then  will  the  moment  of 
inertia  of  the  cross-section  round  mn  be 

where  A  is  the  area  of  the  cross-section.  From  this  it  at  once 
follows  that  the  moment  of  inertia  round  an  axis  parallel  to  m  it 
through  the  centre  of  gravity  will  be 

This  last  is  the  quantity  required  in  engineering  problems,  and,  to 
determine  it,  it  is  only  necessary  to  measure  Y  and  y  as  above,  and 
to  determine  Aj  the  area  of  the  cross-section. 

To  prove  this — Let  y  be  the  horizontal  distance  of  any  point 
from  mn.  Let  s  be  the  breadth  of  the  section  at  that  distauoe 
from  m  n.  Let  A  be  the  area  of  the  cross-section.  Let  F  be  the 
volume  of  the  wedge  W,  Let  a  be  the  angle  of  the  wedge  W. 
Let  y  be  the  distance  of  the  centre  of  gravity  of  the  cross-section  8 
from  m  n.  Let  T  be  the  distance  from  m  n  of  the  centre  of  gravity 
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of  the  wedge  W.  Let  T  be  the  moment  of  inertia  of  the  oross* 
seotion  romid  mn.  Let  /  be  the  moment  of  inertia  round  a  line 
parallel  to  mn^  through  the  oentre  of  gravity  of  the  oroes-seotion. 
Then  will 

r  -  /  syVy.  (1) 

Again,  VT  »  tan  afzt^df/, 

whioh,  by  (1),  «  tan  aT.  (2) 

Alflo  r »  tanojayrfy -tano^y.  (3) 

From  (2)  and  (3)  we  get 

r  «  ATy. 

And  since,  by  a  well-known  theorem, 

it  follows  that  the  moment  of  inertia  round  a  line  parallel  to  mn 
through  the  centre  of  gravity  of  the  cross-section  will  be 

/-^y(r-y), 

which  is  the  theorem  to  be  proved. 

Li  order  to  find  the  positions  of  the  centre  of  gravity  of  the 
sections,  I  have  found  it  convenient  to  use  a  table,  levelled,  and 
with  a  row  of  points  standing  in  a  straight  line,  and  projecting 
-J-  inch.  The  section  is  then  balanced  on  these  points,  and  when 
the  position  is  found  at  which  it  is  exactly  balanced  a  slight  pres- 
sure, if  the  section  is  not  of  hard  material,  drives  the  points  into 
the  section,  and  then  with  a  straight-edge  a  line  over  which  the 
centre  of  gravity  lies  can  be  drawn.  A  sharp  knife-edge  is  in 
some  cases  more  convenient  than  a  row  of  points.  The  edge  of 
the  wedge  is  to  be  made  parallel  to  the  knife-edge,  or  row  of 
points,  and  to  facilitate  this  adjustment  it  will  be  found  convenient 
to  draw  upon  the  table  a  number  of  lines  parallel  and  perpendicu- 
lar to  the  row  of  points. 

With  wooden  models,  made  with  ordinary  care,  I  found  that 
the  moments  of  inertia  by  experiment  and  calculation  did  not  in 
any  case  differ  more  than  2  per  cent.,  and  were  generally  correct 
to  1  per  cent.  This  for  almost  all  engineering  purposes  is  of 
quite  sufficient  accuracy,  and  in  fact  is,  wherever  the  seotion  is  of 
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irregular  Bhape,  of  greater  aoooraoj  than  can  be  obtained  by  oalcn* 
lation,  unless  great  detail  is  gone  into*  ThnSy  in  oaloolating  I  for 
an  3C  plate  girder,  the  ordinary  approximate  method  (in  which  a 
sixth  of  the  web  is  added  to  the  flanges)  gave  for  the  moment  of 
inertia 

/  =  806-1. 

A  very  carefully  detailed  calculation  made 

/  =  862-0, 

showing  that  the  approximate  method  erred  by  5*4  per  cent.  My 
experimental  method  gaye  with  a  wooden  model 

/  =  866-9, 

which  is  only  0*67  per  cent.  out.  This  is  one  of  several  examples 
which  show  that  the  experimental  method  here  recommended  gives 
in  complicated  cases  much  closer  results  than  the  methods  of  calcu- 
lation which  are  practically  used  by  engineers. 

It  should  be  observed  that  the  wedge  need  not  be  one  whiGk 
comes  to  an  edge,  but  may  be  of  a  truncated  form.  In  all  cases 
the  line  m  n,  from  which  Y  and  ^  are  to  be  measured,  is  to  be  the 
intersection  of  the  faces  of  the  wedge,  and  in  this  case  lies  outside 
the  pillar,  instead  of  being  a  tangent  to  it.  However,  the  nearer 
to  the  pillar  that  it  can  be  conveniently  placed  the  greater  will  be 
the  accuracy  of  the  determination.  Of  course  the  surfaces  of  the 
wedge  must  be  flat,  and  the  model  of  the  pillar  out  of  which  it  is 
made  of  uniform  section  and  density,  m  n  may  have  two  positions, 
since  two  lines  can  be  drawn,  touching  the  pillar,  and  parallel  to 
the  axis  round  which  the  moment  of  inertia  is  wanted.  It  is 
advisable  to  place  it  at  the  side  of  the  pillar  which  is  the  broadest, 
if  there  is  a  difference  in  this  respect. 
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XXX.— NOTE  ON  A  BRILLIANT  METEOR  SEEN  AT  STRAS- 
BURG  ON  THE  15th  OP  AUGUST,  1886.  By 
J.  EMERSON  REYNOLDS,  M.D.,  F.R.S. 

[Read,  December  15,  1886.] 

On  the  eyening  of  the  15th  of  Angost  last  I  happened  to  be  at 
Strasburg,  Alsace,  and  observed  the  fall  of  a  meteorite  whioh 
emitted  a  brilliant  light  in  its  passage  through  the  atmosphere. 
The  oolonr  of  the  light  was  peonliar  and  suggestive ;  henoe  this 
short  note  on  the  phenomena. 

At  the  time  the  meteor  was  observed  to  fall  the  sun  had  set,  for 
it  was  five  minutes  before  eight  by  local  time ;  the  sky  was  cloudless, 
and  the  atmosphere  beautifully  clear.  The  meteorite  seemed  to 
-enter  the  atmosphere  from  the  west,  at  a  point  which  appeared 
equidistant  from  the  zenith  and  horizon,  my  post  of  observation 
being  the  verandah  of  the  Hotel  National,  which  is  on  the  side  of 
the  large  Flatz  opposite  the  new  Railway  Station.  The  meteor 
seemed  to  fall  directly  over  the  main  portion  of  the  station,  which 
-was  ahnost  exactly  due  west  of  my  position,  and  the  path  of  the 
meteor  was  slightly  inclined  to  the  horizon,  tending  south. 

The  light  was  very  bright,  and,  as  often  observed  in  these 
meteoric  flashes,  was  greenish ;  but  the  impression  it  produced  on 
eyes  practised  in  observing  flame  colouration  was  similar  to  that 
•caused  by  a  boracic  acid  flame,  rather  than  by  one  whose  colour  was 
due  to  copper. 

I  am  well  aware  that  copper  has  been  found  in  some  meteorites, 
whereas  boron  has  not  been  detected  in  any  of  those  whose  analyses 
I  have  seen.  On  the  other  hand,  the  presence  of  a  small  quantity 
of  boron  might  be  easily  overlooked  unless  very  careful  search  for 
it  were  made ;  moreover,  carbon  and  silicon  in  various  states  of 
<x>mbination  have  been  found  in  meteorites,  and  boron  is  so  nearly 
related  to  both  these  elements,  that  its  occurrence  in  meteorites  is 
oertainly  not  improbable. 

I  hope,  then,  that  in  any  future  analyses  of  meteorites  the  pos- 
sible presence  of  boron  may  be  kept  in  view,  and  search  made  for 
the  element  in  these  strange  wanderers  from  interstellar  space. 

2A2 
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JXKI.'-OLDHAMIA.    By  Q.  H.  KINAHAN,  M.B.LA.,  Etc. 

[Bead,  December  15,  1886.] 

Thb  organic  origm  of  Oldhamia  has  been  disputed  before  now: 
even  at  the  present  time  some  of  the  Amerioan  and  Cbntinentat 
geologists  seem  to  dispute  it.  Suoh  authorities,  howeyer,  as  Forbes 
J.  B.  Kinahan,  Harkness,  and  Bailyy  have  oarefullj  examined  % 
and  I  have  accepted  their  opinions ;  but  at  the  same  time  no  one 
is  infallible,  and  there  may  be  a  possibility,  although,  to  my  mind, 
an  improbabQity,  that  they  may  be  wrong. 

As  the  subject  is  of  interest,  I  propose  to  put  foi^ward  all  facts, 
as  far  as  I  know  them,  in  connection  with  the  occurrence  of  Old-- 
hamia^  some  of  which  appear  to  me  oondusiYe  that  it  must  be  of 
organic  origin,  while  others  may  suggest  that  it  may  be  a  mineral 
structure. 

At  one  time  it  seemed  to  me  to  be  remarkable,  that  very  often 
the  Oldhamia  is  better  deyeloped  in  shales  near  an  intrude  of 
Quartz-rock  than  elsewhere.  This,  however,  on  going  over  the 
evidence,  now  appears  to  be  more  apparent  than  real. 

In  the  west  portion  of  Ireland  the  Cambrians  are  so  much 
altered  that  all  organic  remains  are  obliterated;  it  is,  therefore, 
only  in  eastern  Ireland  that  these  can  be  found.  The  localities  for 
Cambrian  or  supposed  Cambrian  in  this  portion  of  Ireland  may 
therefore  be  given  beginning  to  the  north,  and  in  connection  with 
each,  stating  the  peculiarities. 

In  the  north  of  the  Co.  Down,  bordering  Belfast  Lough,  are 
green  and  purple  rocks  that  appear  to  be  unconformable  with  the 
associated  Ordovician  rooks :  these  rocks  are  so  like  those  of  Bray 
Head  that  DuNoyer  classed  them  as  Cambrians.  In  them  Old- 
hamia  has  not  been  found ;  nor  as  far  as  I  am  aware  are  there  in 
connection  with  them  intrudes  of  Quartz-rock. 

In  the  Co.  Longford,  to  the  east  of  Grranard,  there  are  also 
more  or  less  similar  rooks  that  seem  to  be  overlaid  unconf ormably 
by  the  associated  Ordovician  rocks.  The  character  of  these  rocks 
led  Foot  and  myself  to  suspect  they  must  be  the  representatives  of 
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ihe  Bray  Head  CambriaiiB.  In  these  no  Oldhamia  has  been 
found,  although  we  searohed  them  very  oarefully ;  nor  is  there  any 
intrude  of  Quartz-rock. 

In  Howth  promontory.  Go.  Dublin,  Wyley  classed  the  rooks  as 
^Cambrians,  while  subsequently  J.  B.  Einahan  foimd  at  Fuok 
Book  Oldhamia  antiqua,  (P)  The  specimens  I  found  in  this 
locality  were  on  a  smooth  pale-green  phylitio  shale.  I  do  not 
think  there  is  an  intrude  of  Quariz-roek  in  connection  with  this 
special  locality ;  but  elsewhere  in  Howth  there  are  different  in- 
trudes of  Quartu-rockf  and  in  connection  with  them  there  are  not 
4U[iy  known  localities  for  Oldhamia. 

At  Bray  Head,  Co.  Wicklow,  Oldhamia  (radiata  and  antiqua) 
occur  in  numerous  places.  Those  with  which  I  am  the  more  inti- 
mately acquainted  are  more  or  less  in  connection  with  the  intrudes 
•of  Quartz-rock  ;  some  places,  however,  are  not  so. 

At  Gbeystones,  south  of  Bray  Head,  Oldhamia  has  also  been 
found;  but  my  knowledge  of  these  rocks  is  too  scant  to  mention 
more  about  them.  According  to  the  map  in  this  neighbourhood 
there  are  intrudes  of  Quartz-rock. 

In  Garriok  Mountain,  south  of  Glenealy,  is  the  locality  where 
Oldhamia  was  first  found  by  Flanagan.  Here  it  occurs  as  0. 
radiata^  0,  antiqua^  and  0.  discreta^  the  latter  being  an  intermediate 
form  between  the  others,  to  which  attention  was  first  drawn  by 
J.  B.  yinahan  {Trans.^  Boyal  Irish  Academy,  vol.  xxiii.,  p.  547). 

At  Flanagan's  locality  the  Oldhamias  occur  in  purplish  shales 
like  those  of  Bray  Head,  and  in  phylitio  pale-greenish  shales,  the 
best  marked  specimens  being  in  the  latter.  This  locality  is  inti- 
mately connected  with  intruded  cakes  of  Quartz-rock. 

At  Boney  Book,  south  of  Courtown  Harbour,  Co.  Wexford, 
Alongside  an  intrude  of  Quartz-rocky  in  a  thin  bed  of  red  shale, 
there  is  0.  antiqua. 

Farther  south  along  the  Wexford  coast,  at  Cahore  bathing- 
place,  0.  radiata  occurs  in  a  purple  bed,  like  those  of  Bray  Heed ; 
while  at  Cahore  Head,  0.  antiqua  occurs  sparingly  in  a  light-green 
phylitio  shale.    Here  there  are  no  intrudes  of  Quartz-rock. 

Gbing  still  further  southward,  to  the  south-east  and  south  of 
Bannow  are  other  Cambrian  rocks.  These  I  have  very  carefully 
examined.  Along  the  south  coast  the  Oldhamia  was  only  found 
in  reddish,  or  slightly  purpUsh,  beds ;  the  three  forms,  0.  radiata, 
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0.  antiqiMf  and  0.  diecreiay  oooamng,  but  the  last  are  tfaose  mor» 
generallj  found.  In  some  plaoes  O.  radiaia  ooouired  in  lentioiilar 
pockets  of  limited  extent;  outside  of  which,  alihough  the  rocks 
ieere  exactly  ocularly  similar^  not  a  trace  of  Oldhamia  oould  be 
found.  In  other  places  O.  antiqua  or  disereia  might  be  mixed  in  the 
shales,  but  in  general  thej  were  confined  to  thin  beds,  often  not 
more  than  the  eighth  of  an  inch  in  thickness ;  and  in  this  thin 
bed,  and  in  no  other,  could  the  Oldhamia  be  found.  Some  of  saoh 
thin  beds  I  traced  for  nearly  a  furlong.  These  beds,  as  also  the 
associated  Ordovician  rocks,  have  in  them  intrudes  of  Quart^^roek. 

On  the  west  coast  of  Bannow,  dose  to  the  &ult  boundary  of 
the  Ordovician,  in  one  four-inch  bed  of  green  shales,  Oldhamia 
occurs  sparingly.    Here  there  are  no  intrudes  of  Quartz-rock. 

In  the  foregoing  I  have  specially  mentioned  the  intrudes  of 
Quartz-rocky  because  at  one  time  I  suspected  there  might  be  some 
connection  between  them  and  Oldhamia;  but  the  above  records 
seem  to  disprove  such  an  idea.  An  Oldhamia  bed  has  a  certain 
look ;  and,  after  hammering  bed  after  bed  along  the  Wexford  ooast, 
I  came  to  learn  the  exact  appearance  of  those  in  whidi  I  would 
probably  find  Oldhamiay  let  the  colour  be  reddish,  purplish,,  or 
greenish. 

Forbes,  J.  B.  Einahan,  and  Badly,  from  their  investigations^ 
come  to  the  conclusion  that  Oldhamia  has  an  organic  origin ;  but 
my  knowledge  of  such  organization  debars  me  from  giving  a  posi- 
tive opinion  in  their  favour.  Others  say  it  is  not  organic ;  this 
also,  my  knowledge  leaves  me  incapable  of  refuting.  I  can,  how- 
ever, legitimately  take  an  intermediate  ground.  This  is  not 
exactiy  easy  to  name ;  but  perhaps  it  may  be  called  lithologioal 
evidence,  it  referring  not  so  much  to  the  fossils  as  to  the  rooks  in 
which  they  occur ;  but  before  doing  so  I  may  refer  to  the  f oarms 
of  Oldhamia^  and  the  more  or  less  sunilar  mineral  forms. 

Oldhamia  is  said  to  have  a  more  or  less  similitude  to  some  of 
the  mineral  markings  on  beds  surface,  joint  planes,  and  other 
similar  surfaces  in  rook  structure.  I  have,  indeed,  seen  some 
dendritic  markings  somewhat  like  0.  radiata^  but  never  any  that 
I  would  mistake  for  it,  as  the  points  of  the  dendrites  have  an 
angular  termination  quite  dissimilar  to  those  of  the  Oldhamia. 
As  to  the  impression  of  0.  antiqua  and  0.  discretUy  I  have  never 
seen  any  surface  mineral  at  all  like  them.      Oldhamia,  as  it  at 
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pieeent  Ib  found,  may  be  a  mineral^  and  may  even  in  pari;  have 
lost  its  original  form ;  but  I  contend  that  originally  it  -was  ab 
organic  form,  but  now  mineralized,  or  haying  on  the  original  form 
minerals  built  up.  This  subject  was  treated  on  nearly  a  quarter 
of  a  oentury  ago  in  a  Paper  by  our  member  Mons.  A.  Gages, 
who  pointed  out,  in  reference  to  the  graptolites  in  some  Ordoyician 
black  shales,  that  they  were  not  only  mineralized,  but  that  at 
certain  attractive  places,  such  as  points,  bunches  of  crystals  had 
accumulated.  It  appears  scarcely  necessary  to  point  out  that  in 
some  rooiks,  such  as  the  Lias  Goal-measure,  &c.,  fossils  are  per- 
fectly mineralized ;  while  in  others,  such  as  the  Gretaceous,  they 
are  not  only  mineralized,  but  have  formed  a  nudeus  round  which 
foreign  matter  has  accumulated. 

If  Oldhamia  is  a  mineral  structure,  why  does  it  occurimder  such 
peculiar  circumstances  P  It  has  only  been  found  in  the  Irish 
Cambrians,  and  in  them  it  is  confined  to  very  limited  strata ;  often 
scarcely  the  thickness  of  your  nail,  so  that  only  those  acquainted 
with  its  habitat  can  find  it.^  If  it  is  a  mineral,  why  does  it  not 
also  occur  in  the  exactly  similar  rooks  adjoining  these  thin  seams 
or  layer,  the  layer  or  seam  being  identical  in  composition  with  the 
associated  rooks  P 

Exactly  similar  rocks  to  those  at  Bray  Head,  in  which  the 
Oldhamia  are  found,  occur  in  the  Cambrians  of  other  places  in 
Ireland,  and  in  those  of  England  and  America ;  yet  in  none  of 
these  places  has  it  been  found.  Dendrites  occur  everywhere  if  the 
rooks  are  similar :  why,  therefore,  if  Oldhamia  is  a  mineral,  is  it  not 
similarly  distributed  P 

Also  in  various  places  inside  and  outside  Ireland  there  are 
rocks  all  made  of  identical  mineral  conBtituents  to  those  of  the  Irish 
Cambrians  in  which  the  Oldhamia  is  found.  The  seare  of  Silurian, 
Oidovician,  and  Cambrian  ages,  and  in  none  of  them,  except  those 
of  proved  Cambrian  age,  has  the  Oldhamia  been  found.    If  it  is  a 


*  The  late  Mr.  E.  Leeflon,  Foeail  Collector  on  the  GoTemment  Surrey,  and  myself 
eoUeeted  hozes  of  Oldhamia  at  Bannow ;  yet  no  one  since,  except  Mr.  Clarke,  seems  to 
be  aUe  to  find  it.  At  Cahore  bathing-place  Messrs.  Baily,  Leeson,  ahd  myself,  carried 
away  a  bag  full  of  fossils ;  yet  twice  since  I  was  there,  and  I  could  not  find  the  bed, 
altliongh  I  know  the  exact  place  where  it  is.  Similarly,  Flanagan's  original  station 
an  Carrick  mountain  was  not  known  till  a  few  yean  ago,  when  11  was  accidentally 
discoTered. 
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mineral  marldngy  it  appears  to  me  that  it  ought  not  to  be  confined 
to  rooks  of  one  formation,  but  should  be  oommon  to  all  similar 
rooks,  no  matter  what  their  age  may  be;  similarly  as  we  find 
dendrites  in  rooks  of  nearly  every  age. 

As  will  appear  from  die  first  portion  of  this  Paper,  I  am  still 
quite  open  to  conviotion ;  but  up  to  the  present  time  the  arguments 
put  forward  in  favour  of  Oldhamia  being  of  organic  origin  seem  to 
me  to  be  convincing.  I  therefore  submit  my  views  for  the  con- 
sideration of  those  who  are  of  an  opposite  opinion. 
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XXXn.— NOTE  ON  A  SPECIMEN  OP  ADULTERATED  GUANO 
RECENTLY  ANALYSED  IN  TRINITY  COLLEGE 
LABORATORY.    By  EMIL  WERNER. 

[Read,  December  16,  1886. 

About  two  months  ago  I  purohased  at  an  establishment  in  this 
city  a  sample  of  Feruyian  guano,  the  idea  at  the  time  being  simply 
to  examine  the  sample  for  urio  acid,  and  if  found  comparatively 
rich  in  that  body  to  obtain  a  further  supply.  The  guano,  how- 
-ever,  on  examination  proved  such  an  unusual  specimen  as  regards 
adulteration  and  general  inferiority  that,  at  the  request  of  Dr. 
Beynolds,  I  analysed  the  sample,  and  now  beg  to  lay  the  results 
before  the  Society.  With  respect  to  the  urio  add,  which  is  a 
<3onstant  constituent  of  all  good  guanos,  it  was  in  this  case  con- 
spicuous by  its  absence:  not  even  a  trace  of  it  could  be  obtained 
when  operating  on  four  ounces  of  the  guano. 

So  considerable  was  the  adulteration,  that,  before  commencing  a 
oomplete  analysis  of  the  guano,  it  was  necessary  to  pass  it  through 
3,  coarse  sieve,  a  treatment  which  resulted  in  the  separation  of  a 
quantity  of  foreign  matter,  in  the  form  of  pieces  of  granite,  shells, 
Ac,  to  the  extent  of  twenty-five  per  cent,  of  the  weight  of  the 
guano.  The  composition  of  the  sifted  guano  is  shown  in  the 
following  analysis: — 

COMPOSmOH   OF  GUAMO,   FBBVIOUSLY    FBEED   FBOM   25  ^/^   AdULTEBATION. 


fSand, 
CaO, 
P206. 
SOs, 
K,0, 
MgO  and  nitrates, 


24-36  % 

11-66  •/ 

14-29  7. 

2-06  7, 

613  7, 

1-82  7, 


69-30  7. 

<)rganic  «id  Volatile  j  ^^^^j^ttei,       .'    22-fo  i  containing  nitrogen  =  0-02  7, 
-  40  70  /^  .        .  ( ^l^^^  jjHa,      .      4-94  7^        „  »  80«  Vo 

40-66  7o         Total  nitrogen,    .    408  7^ 

As  is  seen  from  the  analysis,  the  amount  of  insoluble  matter 
(sand)  is  still  exceptionally  high — ^nearly  twenty-five  per  cent. :  the 
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other  constituents  forming  the  fixed  matter  oall  for  little  or  no 
oomment  with  the  exception  of  the  phosphoric  acid,  which  for  a 
highly  adulterated  guano  is  much  above  the  average ;  the  mag- 
nesium oxide  and  nitrates,  both  of  which  were  present  only  in 
very  small  quantity,  were  not  directly  estimated,  the  amount 
being  determined  by  difference.  A  remarkable  feature  in  this^ 
guano  is  the  nitrogen,  which,  besides  being  naturally  low,  is  en- 
tirely present  in  the  form  of  ammoniacal  salts :  the  minute  amount 
of  organic  nitrogen,  *02  per  cent.,  shown  in  the  analysis,  is  no 
doubt  due  to  partial  conversion  of  the  nitrogen  of  nitrates  into 
ammonia  during  the  ignition  with  soda-lime  in  presence  of  the 
organic  matter. 

In  order  to  give  a  better  idea  of  the  extensive  adulteration  of 
the  sample,  I  append  below  the  calculated  composition  of  a  ton  of 
the  original  guano. 

GoMPosinoM  or  a  Ton  of  Obiodtal  Guano. 

cwt.  Ibt. 

Sandy  stones,  &c.  (adulteration),        •        .        .  7  89 

CaO, 1  96 

P2O5. 2  36 

SOs, t)  87 

K3O 0  89 

MgO  and  nitrates, 0  32 

Water, 2  18 

Organic  matter, 3  67 

Total  nitrogen, 0  72 

19    77 

The  deficiency  here  is  due  to  the  fact  that  the  calculation  is  not 
carried  beyond  pounds,  and  the  ammonia  in  the  guano  is  calcu- 
lated to  nitrogen  only.  The  extensive  adulteration  in  the  above 
case  is  probably  the  work  of  the  exporters  of  the  guano;  never- 
theless the  Dublin  merchants  who  supplied  it  are  not  without 
blame,  on  account  of  either  ignorance  or  carelessness  in  the  selec- 
tion and  examination  of  their  own  purchase. 
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XXXm.— ON  A  HYDEOSTATIC  BALANCE.  By  J.  JOLT,  B.E.^ 

Assistant  to  the  Professor  of  Civil  Engineering,  Trinity 
College,  Dublin.    (Plate  VH.) 

[Read,  June  9,  1886.] 

Thb  Hydrostatio  Balance  described  in  this  Paper  will  be  found  il- 
lustrated on  Plate  Vil.,  referenoe  to  which  will  enable  its  principle- 
to  be  the  more  readily  understood.  It  will  be  seen  from  figure  1 
that  it  consists  essentially  of  a  vessel  provided  with  one  narrow 
tubulure  opening,  and  suspended  so  that  this  tubulure  is  down- 
ward.  Witliin  is  a  second  vessel ;  this  vessel  is  dosed,  and  is  made 
of  such  slight  material  that  it  floats  buoyantly  in  water. 

A  fine  wire  is  attached  to  the  lower  end  of  this  inner  vessel,  and 
passes  through  the  tubulure.  The  tubulure  of  the  outer  vessel  is  on 
a  nozzle  which,  when  screwed  off,  and  the  vessel  turned  up,  enables 
the  space  surrounding  the  float  to  be  readily  filled  with  water. 
When  filled,  and  the  nozzle  replaced,  the  vessel  is  hung  up,  as  in 
the  figure,  with  the  tubulure  downwards.  The  diameter  of  th& 
tubulure  being  only  some  3  mms.,  there  is  perfect  security 
against  outfiow:  indeed  the  apparatus  may  be  shaken  or  rolled 
about  upon  a  table  with  impunity.  When  the  balanoe  is  hung  it 
is  obvious  that  the  inner  vessel  or  float,  in  virtue  of  its  buoyancy, 
will  be  urged  to  ascend  within  the  liquid,  and  if,  as  in  fig.  2,  wo 
hang  a  pan  on  the  wire,  and  load  weights  on  the  pan,  we  find  that 
we  can  add  weights  up  to  a  certain  point,  when  the  pan  descends 
nith  the  sinking  of  the  float  within  the  vessel.  This  weight— just 
adequate  to  cause  the  pan  to  descend— we  assume  for  the  present 
to  be  constant,  and  equal  7F,  suppose.  W  is  evidently  equal  to 
the  weight  of  a  mass  of  water  having  a  volume  equal  to  the  dis- 
placement volume  of  the  float,  less  the  weight  of  the  float,  of  tho 
-wire,  and  of  the  pan  attached  to  the  wire.  We  can  evidently 
ascertain,  now,  the  weight  of  any  mass  not  heavier  than  W.  It 
is  as  if  we  were  using  a  balance,  one  arm  of  which  was  loaded 
with  an  unalterable  weight  W.  Thus,  we  place  the  substance  to 
be  weighed  on  the  pan,  and  add  weights  till  the  pan  descends. 
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At  this  point  we  know  that  a  total  weight  W  is  m  the  pan. 
If  the  added  weights  amount  to  tr,  sappose,  then  «  »  W  -  w. 
Practically,  however,  JF  is  a  quantity  variable  with  the  tem- 
perature of  the  float  and  of  the  water,  their  densities  altering  to 
different  extents.  When,  therefore,  accurate  results  are  required, 
we  cannot  assume  any  constant  for  the  balance,  but  must  determine 
afresh  the  force  W  with  each  determination  of  tr.  Or,  what  is 
the  same,  we  proceed  by  simply  removing  x  when  equilibrium  has 
been  obtained  with  x  -k-  w^  and  substituting  a  weight  t^i,  so  that 
equilibrium  is  again  obtained,  when  Wi  is  the  required  value  of  x. 
It  is  easy  to  guard  against  change  of  temperature  in  the  brief 
interval  necessaiy  to  effect  the  successive  equilibrations.  The 
process  of  weighing  is,  in  short,  the  well-known  one  of  substitu- 
tion, and  with  the  usual  correction  for  unequal  air  displacements 
of  the  weights,  and  the  substance  is  accurate  to  a  degree  depending 
on  the  sensibility  of  the  float  to  indicate  a  small  change  of  load, 
when  the  downward  acting  forces  are  very  nearly  in  equilibrium 
with  the  upward  acting  forces.  This  consideration,  t .  e.  tiie  degree 
of  sensitiveness  possessed  by  the  arrangement,  next  claims  atten- 
tion. 

The  system  as  described  is,  in  principle,  identical  with  tiie 
Nicholson  hydrometer,  used  as  a  weighing  machine,  the  latter 
arrangement  being  supposed  inverted  while  still  retaining  the 
liquid.  But  the  inversion  of  the  hydrometer  introduces  this 
important  difference,  that  the  stem  supporting  the  pan  of  the 
hydrometer,  a  compression  member,  becomes  in  the  hydrostatic 
balance  a  tension  member,  and  hence,  stiffness  being  no  longer  a 
requisite,  may  be  made  of  extreme  fineness,  and'  the  retarding 
effect  of  the  adhesion  of  the  liquid  on  the  wire  at  its  circle  of 
emergence  is  much  reduced. 

If,  indeed,  we  assume  the  effect  of  this  adhesion  of  the  surface- 
fllm  to  increase  in  direct  proportion  with  the  radius  of  the  drde  of 
emergence,  it  would  appear — observing  that  the  tensional  strength 
of  the  wire  increases  proportionally  to  the  square  of  this  radius— 
that  the  sensibility  to  a  small  fraction  of  the  entire  load  falls  off 
only  as  the  square  of  the  carrying  capacity  or  load  which  the 
balance  will  bear.  There  is,  in  short,  reason  to  expect  that,  as  we 
increase  the  size  and  carrying  capacity  of  this  kind  of  balance, 
no  diminution  of  the  fractional  sensibility  occurs,  but  rather  an 
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inoreafle;  the  sensibility  increasing  approximately  as  the  square 
root  of  the  power  of  the  balance.  Thus,  if  we  double  the  diameter 
of  the  wire,  the  balance  will  now  indeed  indicate  nothing  smaller 
than  double  the  least  weight  formerly  causing  displacement ;  but, 
on  the  other  hand,  we  may  assume  a  quadrupled  carrying  capacity. 
This  leaves  out  of  consideration  the  effect  of  viscosity  of  the^ 
liquid. 

The  effect  of  viscosity  will  hardly  be  to  reduce  the  sensibility, 
but  rather  to  render  more  tedious  the  use  of  floats  having  larga 
displacements.  As,  however,  the  tangential  resistance  to  the 
motion  of  a  solid  surface,  in  the  act  of  communicating  a  shearing 
strain  to  a  liquid,  is  proportional  to  the  extent  of  surface,  and  as  this 
area  increases  at  a  slower  rate  than  the  volume  inclosed  by  it,  it 
appears  that  the  tediousness  attending  operations  is,  again,  not 
fairly  assumed  to  be  an  attendant  disadvantage  which  increases 
proportionally  with  increase  of  power  of  the  balance  The  effect  is 
indeed,  probably,  complicated  by  the  presence  of  currents  or  eddies 
in  the  liquid. 

As  regards  the  effects  of  solid  friction,  contact  between  the 
movable  and  immovable  parts  might,  indeed,  be  altogether 
avoided.  Thus  we  might  attach  the  wire  externally  to  a  flat 
cantilever,  or  flat  spiral  spring,  so  that  it  is  retained  in  tiie  centre  of 
the  tubulure  by  the  horizontal  rigidity  of  the  spring,  while  the 
spring  may  possess  such  small  vertical  rigidity  as  not  to  interfere 
with  the  sensibility  of  the  balance.  It  will  be  seen,  however,  from 
the  figures,  that  this  plan  is  not  resorted  to.  It  appears  indeed 
unnecessary  to  do  more  than  guard  against  contact  down  the  wall 
of  the  tubulure ;  and  this  is  provided  for  in  the  little  projecting 
oollar  placed  at  the  point  where  the  tubulure  meets  the  wider 
nozzle.  The  diameter  of  the  passage  here  provided  for  the  wire  is 
about  1*5  mm. ;  the  tubulure  is  about  3  mms.  in  diameter.  The 
edge  of  the  collar  is  sharpened  to  a  knife  edge  all  round,  but  just 
burnished  smooth.  With  this  arrangement,  if  the  precaution  be 
taken  of  using  a  smooth  piece  of  wire,  there  appears  but  little 
retardation  due  to  friction:  this,  doubtless,  is  partly  due  to  the 
position  of  the  coUar  within  the  liquid,  the  liquid  acting  as  a 
lubricant.  The  effect  of  substituting  a  collar  of  burnished  agate 
for  the  brass  collar  has  been  tried  as  in  the  balance,  fig.  2,  but 
with  hardly  appreciable  gain  in  freedom.   This  little  balance  (fig.  2) 
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is  represented  in,  its  actual  dimensions.  The  float  is  a  sphere  of 
^ght  blown  glass,  weighing  about  12  grammes,  its  diameter  being 
about  6'3  oms.  The  outer  vessel  is  of  brass,  parting,  in  a  sorew- 
joint,  into  hemispheres.  For  oonyenienoe  of  weighing  by  replace- 
ment, a  double  pan  of  slight  brass  is  attached  to  the  wire.  This 
pan,  together  with  the  suspending  gear,  weighs  about  11  grammes. 
The  suspending  wire  traversing  the  surface  of  the  liquid  is  of  brass ; 
its  diameter  is  0*09  mm.  Its  breaking  strength  is  403  grammes : 
the  stress  it  is  called  upon  to  bear  in  the  balance  does  not  ordi- 
narily exceed  120  grammes.  A  suddenly  added  or  removed  loa^ 
might,  indeed,  act  to  some  extent  as  a  live  load,  and  an  increased 
stress  result.  Experience,  however,  seems  to  show  that  the  strength 
is  ample. 

The  balance  is  protected  from  draughts  and  sudden  changes  cf 
temperature  by  a  glass  case,  from  the  roof  of  which  it  depends, 
hanging  freely.^  The  weights  are  introduced  at  a  half  door  in  the 
lower  part  of  the  case.     The  case  needs  no  levelling  screws. 

At  6^  C.  the  load  carried  in  the  pan,  when  equilibrium  obtains, 
is  104*660  grammes.  A  change  of  load  of  1  milligramme  now 
-causes  displacement,  and  effects  the  descent  or  ascent  of  the  pan. 
This  balance  then  estimates  the  weight  of  100  grammes  to  an 
accuracy  of  100,000. 

I  must  here  observe,  however,  that  working  the  balance  to  this 
degree  of  accuracy  needs  some  care.  Where  estimation  to  an 
accuracy  of  say  three  milligrammes  only  is  needed  no  special  pre- 
cautions  are  likely  to  be  required.  But  with  the  construction 
shown  in  the  figure  for  confining  the  travel  of  the  pan  and  float 
there  would  seem  to  be  an  amount  of  adhesion  before  the  pan  is  set 
in  motion,  which  the  small  force  of  one  milligramme  will  some* 
times  be  unable  to  overcome.  It  is  seen  in  figs.  1  and  2  that  the 
double-eyed  link  to  which  the  suspension  wire  is  attached  moves 
through — but  without  contact  while  moving — an  eye  which  arresb 
its  motion  ascending  and  descending,  affording  it  only  about  one 
centimetre  run.    The  float  thus  never  reaches  either  to  the  top  or  to 


^  For  rerj  delicate  work  the  further  precaution  of  praeerring  the  whole  in  a 
chamber  not  exposed  to  sudden  fluctuationB  of  temperature  ia,  I  find,  neoesaary. 
Trouble  from  this  source  might  doubtless  be  guarded  against  in  all  cases  by  sor- 
rounding  the  outer  vessel  with  a  non-oondnoting  corering. 
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the  bottom  of  the  containing  sphere,  and  adhesion  at  these  points  is 
avoided.  The  arrangement  also  obviously  secures  the  advantage 
of  guarding  the  fine  wire  against  the  effects  of  a  weight  erroneously 
added  in  excess  of  the  power  of  the  balance:  indeed,  if  care  is 
taken  in  adding  and  removing  weights,  the  wire  remains  uniformly 
in  the  one  state  of  strain.  It  is  thus  kept  straight  and  true.  Again^ 
should  the  wire  break,  the  descent  of  the  pan  is  arrested  by  the  eye 
and  link.  The  aixangement,  too,  renders  a  slow  motion  of  dis- 
placement very  readily  observable.  I  may  observe,  that  the  eye 
encircling  the  link  is  gapped  at  one  point,  to  enable  the  link  to  be 
removed  if  deeired.  The  construction  of  this  link  is  simple,  but  ne- 
cessitates the  exercise  of  a  little  care  in  the  process  of  equilibration,  in 
order  that  the  effect  of  adhesion  at  the  link  may  be  guarded  against. 
TThe  process  of  equilibrating  is  as  follows: — The  larger  weights 
being  added  successively  in  the  usual  way,  the  equilibrium,  we 
ynH  suppose,  determined  to  1  centigramme,  and  the  milligrammes 
reached,  the  5  is  added :  if  there  is  no  inamediate  effect  we 
grasp  the  link  with  the  ivory  forceps  (used  with  the  weights),  and 
bring  it  down  to  the  centre  of  its  run,  then  release  it,  and  observe 
its  motion.  It  will  most  probably  ascend;  but  there  may  have 
been  adhesion  between  the  link  and  eye,  and  we  may  find  that  it 
descends  slowly.  Its  velocity  of  motion  is  in  either  case  instruc- 
tive after  a  little  practice,  and,  as  with  the  chemical  balance,  will 
enable  us  to  save  trials.  If  the  link  in  the  present  case  very  slowly 
descends,  we  replace  the  5  with  4  mgrs.,  and  repeat  the  process  of 
drawing  down  the  link.  We  take  care  also  to  close  the  glass 
door  while  observing  the  motion.  The  result  will  be  perfectly 
definite.  It  will  ascend  with  the  4,  suppose ;  descend  with  the  5, 
the  starting  point  in  each  case  being  the  centre  of  its  run.  And  I 
may  observe  that  it  will,  in  this  way,  indicate  a  less  quantity  even 
than  1  milligramme.  Thus  recently  using  this  balance  with  a  new 
set  of  weights,  I  detected  discrepancies  in  the  1  centigramme 
weights,  as  compared  with  the  added  milligrammes,  which,  on  sub- 
sequently evaluating  on  a  delicate  chemical  balance,  were  severally 
found  to  be  *7  and  *3  of  a  milligramme.  It  would,  doubtless,  be 
easy  to  arrange,  so  that  the  adhesion  necessitating  these  precau- 
tions when  weighing  with  the  milligrammes  would  be  eliminated. 
In  fig.  3  two  kinds  of  bearing  are  snggested:  one— (a)  where  there 
is  contact  at  two  points ;  the  other^  [h)  at  one  point  only,  when  the 
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link  IB  at  either  limit  of  its  run.  The  last  plan,  too,  would  hav^^ 
the  advantage  of  starting  motion  with  the  suspension  wire  in  a^ 
central  position. 

If  delicate  weighing  is  to  be  caiiied  out  on  these  balances,  it  vs 
neo&Basry  to  use  water  that  has  been  carefully  filtered,  as  sediment 
will  settle  down  into  the  tubulore,  and  dog  the  wire,  adhering  to  it 
as  it  emerges  from  the  liquid. 

Experiments  extending  over  several  weeks  showed  that  there  is 
no  reason  to  expect  that  under  varying  conditions  of  atmospheric- 
pressure  bubbles  of  air  would  be  given  off  by  the  water  to  adhere 
to  the  float,  provided  the  water  is  not  supersaturated  with  air  in 
the  first  instance.  In  my  experiments  the  action,  in  this  direotioD,. 
of  the  variations  of  pressure  was  represented  on  an  exaggerated 
scale  under  the  air-pump  to  tensions  of  50  mms.  of  mercury.  This 
tension  failed  to  withdraw  visible  bubbles  from  water  previously 
freely  exposed  for  a  long  period  to  the  atmosphere.  What  dis-^ 
solved  air  was  withdrawn  probably  slowly  emanated  at  the  surface. 
The  water  was  contained  in  a  beaker,  the  float  being  represented 
by  an  immersed  spherical  glass  vessel. 

In  the  balance  depicted  in  fig.  1  there  is  no  provision  for  the^ 
effects  of  variation  of  temperature :  any  notable  change  of  tempera- 
ture will,  with  that  construction,  result  in  drawing  air  into  the 
containing  vessel,  or  expelling  some  of  its  contents.  For  occasional 
use,  where  the  balance  is  necessarily  filled  and  emptied  frequently, 
as  in  travelling,  this  is  of  no  importance,  and  will  cause  no  trouble, 
if  the  precaution  lb  taken  of  filling  it  with  water  appreciably  at  air 
temperature.  The  effects  of  temperature  change  will,  indeed,  be 
inconsiderable.  Thus,  taking  the  case  of  concentric  spheres  of 
brass,  the  inner  displacing  179  grammes  (diam.  =  7  cms.),  the 
outer  having  a  diameter  of  9  cms.,  and  the  intervening  space  filled 
with  water,  the  effect  of  1°  C.  change  is  a  displacement  of  14  cubic 
millimetres  of  water,  about  half  a  drop.  The  entry  of  a  little  air 
obviously  does  no  harm  :  it  simply  rises  to  the  top  of  the  vessel, 
and  in  no  way  interferes  with  the  truth  or  capacity  of  the  machine. 
A  little  expelled  water  is  easily  dried  off.^ 

1  If  the  float  be  made  of  a  substance  haying  a  low  coefficient  of  ezjMinaion,  such  as 
glass,  and  the  containing  vessel  be  of  material  having  a  high  coefficient  of  expansion, 
as  brass,  such  dimensions  may  be  given  to  the  apparatus  that  the  water  space  shall^ 
with  change  of  temperature,  increase  at  the  rate  of  expansion  of  water.     In  other 
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If  it  be  desired,  however,  to  render  the  arrangement  nearly 
permanent,  so  that  the  operation  of  filling  need  but  very  seldom  be 
repeated,  the  effects  of  temperature  in  expelling  water  or  drawing 
in  air  must  be  met  in  some  way.  In  the  balance  of  fig.  2  this  is 
done  by  providing  the  expansion  reservoir  shown  surrounding  the 
tabulure,  and  which  communicates  with  the  interior  of  the  sphere 
by  the  narrow  tube  nearly  reaching  to  the  bottom  of  the  reservoir, 
as  shown  in  the  figure.  The  large  surface  of  water  exposed  in  this 
reservoir  bears  to  stand  at  a  level  above  or  below,  by  a  couple  of 
niillimetres,  the  surface  level  of  the  water  in  the  tubulure,  as  in  the 
well-known  experiment  on  capillarity  in  conmiunicating  tubes  of 
very  unequal  bore.  Hence,  with  rise  of  temperature  the  reservoir 
receives  the  expelled  water ;  with  fall  of  temperature  it  parts  with 
some  of  its  contents,  and  no  water  is  lost.  The  annular  reservoir 
communicates  with  the  air  by  a  very  small  perforation,  and  the 
loss  by  evaporation  is  very  small. 

To  enable  the  balance  to  be  readily  filled,  the  ring  by  which  it 
is  suspended  is  arranged  to  screw  out  of  a  little  tubulure  communi- 
cating with  the  interior.  The  balance  is  filled  in  a  few  seconds  by 
screwing  out  this  ring,  and  immersing  the  sphere  in  a  vessel  of 
water;  when  no  more  bubbles  ascend  through  the  tubulure,  the 
ring  is  screwed  home,  while  the  tubulure  is  still  beneath  the  surface 
of  the  water.  On  withdrawal  a  little  water  runs  out  at  the  lower 
tubulure,  till  the  head  in  the  reservoir  has  been  syphoned  down  to 
a  position  of  equilibrium  with  the  surface  tension  at  the  tubulure  ; 
the  head  is  now  still  further  reduced  by  applying  a  little  bibulous 
paper  to  the  tubulure,  in  order  to  provide  for  a  subsequent  rise  in 
temperature. 

wordB,  there  would  be  no  expulsion  of  water  or  entry  of  air  with  atmospheric  yaria- 
tioDB  of  temperature.  Thus  for  a  spheiical  float  in  a  spherical  chamber,  and  assuminig 
any  desirable  radius,  r,  for  the  float,  let  x  be  required  radius  of  outer  vessel ;  also  let 
g,  b,  and  whe  the  co-efficients  of  cubical  expansion  of  glass,  brass,  and  water,  equating 
the  increments  of  yolume  for  a  rise  of  one  degree — 

taking  ^a  0000025;  &»  0-000064;  tc^^  0*00014; 

«*  «=  1*387  X  r*. 

Bat  this  affords  unfortunately  rather  closely  approximating  values  for  x  and  r,  as,  for 
example,  if  r  »  2*9  cms.  (vol.  =  100  ccs.),  then  x  »  3*2  cms.  Nor  can  I  find  materials 
affording  much  better  results. 
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For  the  puipoee  of  determming  the  speoifio  gnrntieB  of  solids, 
I  use  a  little  daw  for  sapportmg  the  sabetance  under  water, 
which  oan  be  suspended  by  a  fine  wire  from  a  hook  beneath 
the  pan.  The  sabstanoe  is  first  weighed  in  the  pan,  the  olaw  beiiig 
attached  and  immersed  in  a  vessel  of  water  placed  beneath.  On 
iaransf  ening  the  substance  to  the  daw  an  increased  weight  will  be 
required  for  equilibrium ;  the  increase  is  obvioudy  the  weight  of 
displaced  water. 

It  IB  observable  in  the  hydrostatic  balance  that,  when  the  fioat 
is  about  to  descend,  the  system  is  one  of  imstable  eqmlibiium. 
The  descent  of  the  float  is  accompanied,  in  fact,  by  decreased  dis- 
placement in  the  liquid  due  to  the  emeigence  of  the  wire,  the 
effect  being  similar  to  that  of  an  ever-increasing  downward  pull 
upon  the  float :  once  started,  it  tends  to  descend  to  its  lowest  point. 
If  we  provide  a  second  wire,  similar  to  the  emerging  wire,  ex- 
tending downwards,  and  dipping  into  a  vessel  of  water,  as  ocoozs 
in  the  operation  of  determining  specific  graviiy ,  the  effect  is  in  all 
cases  obvioudy  annulled.  The  correction  is,  however,  with  wire  of 
the  diameter  0*09  mm.,  quite  unnecessary ;  the  displacement  of  one 
oentimetre  of  this  wire  representing  but  a  small  fraction,  0*06  of  a 
milligramme. 

I  state  these  particulars  at  length,  as  I  do  not  at  present  know 
of  any  other  weighing  machine  in  which  a  similar  degree  of  deli- 
cacy may  be  so  combined  with  the  qualities  of  inexpendveness  and 
compactness,  up  to  any  ordinarily  required  power,  as  in  tiiis 
balance. 
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a:XIV.— ON  A  SPECIMEN  OP  SLATE  PROM  BRAY-HEAD, 
TRAVERSED  BY  THE  STRUCTURE  KNOWN  AS 
OLDHAMIA  RADIATA.  By  PROFESSOR  W-  J. 
SOLLAS,  LL.D.,  D.So. 

[Bead,  NoTember  17,  1886.] ; 

TThb  struoture  known  as  Oldhamia  radiata  commonly  presents  itself 
in  tlie  form  of  disoontinuous  thread-like  ridges  radiating  from  a 
•common  oentre,  and  Ijdng  in  the  planes  of  deavage  (coincident 
with  the  planes  of  original  bedding)  of  a  slate.  A  hand  specimen 
in  tlie  collection  of  Trinity  College,  Dublin,  out  transversely  to  the 
<3leayage  planes,  shows,  however,  that  the  Oldhamia  structure  is  not 
merely  superficial,  but  extends  across  the  cleavage  planes  into  the 
substance  of  the  rock. 

In  the  hope  of  throwing  further  light  upon  this  problematical 
structure,  thin  slices  for  mioroscopio  ezamination  were  cut  from  this 
specimen,  both  parallel  and  transverse  to  its  planes  of  cleavage. 
On  placing  these  under  the  microscope  all  trace  of  the  Oldhamia 
structure  appeared  to  have  vanished.  An  examination  with  the 
unaided  eye  showed,  however,  that  it  was  still  there,  presenting 
itself  as  narrow,  undulating,  and  branching  bands  of  a  lighter 
colour  than  the  surrounding  matrix:  its  appearance,  however, 
varied  in  an  extraordinaiy  manner  according  to  the  direction  in 
which  it  was  viewed.  Looked  at  obliquely  in  a  strong  light,  the 
thread-like  bands  are  brilliantly  illuminated,  and  appear  faintly 
coloured  with  spectral  tints ;  looked  at  directly,  the  bands  become 
fainter,  and  are  less  dearly  distinguishable  from  the  matrix.  In 
certain  positions  the  slice  taken  at  right  angles  to  the  bedding  has 
on  appearance  somewhat  suggestive  of  shot-silk,  and  from  the 
planes  of  deavage,  markings  which  somewhat  remotely  resemble 
in  form  the  dendritic  markings  of  Sutton  stones  extend  into  the 
surrounding  matrix.  These  appearances,  taken  as  a  whole,  suggest 
the  presence  of  some  mineral  possessing  high  reflection  or  refrao- 
tion  arranged  in  more  or  less  paralld  planes. 

My  friend,  Mr.  Teall,  to  whom  I  submitted  the  prepared  slides 
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lias  yeiy  kindly  sent  me  the  following  notes  on  the  mineral  charao* 
ters  of  the  slate.  By  their  insertion  in  this  place  my  oonduding- 
observations  will  be  made  intelligible. 

Brat-Hbad  Slate. 

^  The  main  mass  of  the  slate  appears  to  be  composed  of  quartz, 
serioite,  and  chlorite. 

^'  The  quartz  and  serioite  are  so  intimately  intermixed,  and  the 
individual  constituents  are  so  minute,  that  it  is  often  extremely 
difficult  to  make  out  the  boundaries  of  the  crystalline  elements  in 
consequence  of  overlapping.  The  sericite  scales  are,  however,  easily 
recognisable  by  their  more  intense  action  on  polarised  light.  They 
give  colours  when  the  quartz  only  polarises  in  neutral  tinte. 
When  viewed  in  ordinary  light,  the  sericite  appears  colourless. 
The  scales  show  a  tendency  to  an  arrangement  of  their  flat  faces 
parallel  with  the  planes  of  schistosity,  as  may  be  seen  by  rotating 
a  section  at  right  angles  to  the  schistosity  under  crossed  nicols. 
The  greatest  effect  is  produced  when  the  planes  of  schistosity  cut 
the  cross-wires  at  an  angle  of  45°.  The  parallel  arrangement  of 
the  sericite  scales  is,  however,  by  no  means  rigidly  observed. 

^^  The  quartz,  so  far  as  it  can  be  examined,  gives  no  evidence  of 
a  clastic  character. 

*^  The  banding  in  the  slate  appears  to  be  mainly  determined  by 
a  variation  in  the  amount  of  chlorite  present.  Some  bands  are 
very  rich  in  chlorite,  other  bands  contain  only  a  veiy  small 
amount  of  this  mineral. 

"  The  chlorite  occurs  in  somewhat  irregular  scales  and  scaly 
aggregates.  Sections  at  right  angles  to  the  easy  cleavage  are 
markedly  dichroic  (rays  parallel  to  the  cleavage  cracks  very  pale- 
yellow  or  brown,  sometimes  almost  colourless ;  rays  at  right  angles 
to  the  cracks  rich  bluish-green). 

^^  In  addition  to  the  quartz,  sericite,  and  chlorite,  there  are  nu- 
merous minute  spots  which  appear  nearly  opaque  by  transmitted,, 
and  white  by  reflected  light.  With  a  magnifying  power  of  500, 
these  may  be  resolved  into  aggregates  of  more  or  less  trans- 
patent  grains,  which  resemble  the  common  alteration  product 
(leucoxene)  after  ilmenite.  Sometimes  these  aggregates  are  seen 
in  association  with  black  grains,  and  it  seems  probable,  therefore. 
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that  they  represent  the  alteration  of  ilmenite  or  titanif  eroos  mag- 
netite.   A  few  scales  of  hematite  also  oocmr  in  the  slides." 

To  this  I  may  add  that — (1)  some  fragments  of  quartz  are  pre- 
sent in  the  slate,  which  I  think  do  undoubtedly  show  traces  of  a 
-dastio  origin ;  and  (2)  that  a  minute  crack  traversing  the  cleavage 
planes  is  shown  in  one  of  the  slices ;  it  is  lined  by  chlorite  on 
both  sides,  and  filled  with  quartz  containing  minute  scales  of 
sericite,  and  numerous  air-cavities,  both  spherical  and  crystal- 
shaped.  Hematite  is  also  present  on  the  quartz ;  this  shows  that 
the  formation  of  chlorite  and  sericite,  and  quartz,  continued  to 
take  place  even  after  the  cleavage  of  the  slate. 

Examining  the  slices  in  the  light  of  this  description,  one  finds 
that  the  lighter-coloured  bands,  which  correspond  to  the  Oldhamia- 
structure,  owe  their  distinction  from  the  surrounding  matrix  to 
the  presence  of  an  excess  of  sericite  scales ;  and  that  the  curious 
shot-silk  appearances  are  produced  by  the  local  deflections  of  these 
scales  from  parallelism  with  the  cleavage  planes,  into  directions 
.tangential  to  curves,  which  are  probably  transverse  sections  of  those 
long  ridges  which,  when  seen  on  the  exposed  surface  of  a  cleavage 
plane,  are  recognized  as  the  usual  form  of  Oldhanna  ;  and  it  would 
appear  possible  that  these  ridges  are  wrinklings  of  the  cleavage 
planes  produced  during  the  shearing  which  led  to  their  formation. 

In  addition  to  these  corrugations,  a  structure  resembling  false 
l>edding,  on  a  smaU  scale,  is  visible  on  some  parts  of  the  slices. 
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XXXV-— SUPPLEMBNTABY  REMABKB  ON  THE  PEEVIOUR 
PAPER  ON  OLDHAMIA.  By  PBOFESBOB  W.  J. 
S0LLA8,  LL.D.,  D.So.    (With  Plate  Vm.) 

[Bead,  December  16, 1886.] 

Thb  intereeting  difloussion  which  the  obsenratioiiB  on  OUhamiay 
made  at  the  last  meeting  of  this  Society,  have  elicited  has  induced 
me  to  ofPer  the  following  supplementary  remarks  : — 

1.  The  phyllades  in  which  Oldhamia  occurs  consist  of  laminse  of 
mica  (sericite),  dastio  grains  of  quartz,  and  chlorite. 

2.  The  boundaries  of  the  quartz  grains  are  usually  concealed  in 
the  usual  thin  slices  of  the  rock  by  the  chlorite :  on  treatment  with 
hydrochloric  acid,  which  removes  the  chlorite,  they  are  rendered 
plainly  visible. 

3.  The  surface  of  the  laminae  of  the  phyllades  in  whidi  Oldhama 
does  not  occur  are  smooth  and  even,  and  in  transverse  section  the 
constituent  minerals  are  found  to  be  arranged  in  planes  parallel  to 
one  another,  and  to  the  cleavage  laminsB. 

4.  Oldhamia  presents  itself  on  the  surface  of  the  laminse  when 
it  is  present  as  rounded  discontinuous  ridges,  which  are  without 
definite  boundaries,  and  have  the  appearance  of  fine  wrinkles. 

5.  When  the  phyllade  is  fractured  obliquely  to  the  deavage 
laminsB,  the  Oldhamia  markings  are  found  to  extend  through  the 
rock,  as  fine  ridges  or  wrinkles,  which  mark  the  sur&ce  of  oblique 
fracture  in  a  similar  manner  to  those  of  the  deavage  face. 

6.  Transverse  sections  of  such  phyUades  are  wrinkled,  oonfoim- 
ably  to  the  Oldhamia  ridges,  in  minute  undulating  folds;  the- 
seridte  scales  lie  with  their  &oe8  in  the  surface  of  these  folds,  f.e. 
they  are  tangentally  arranged.  The  width  of  the  folds,  measured 
from  crest  to  crest,  is  about  0*4  to  0*8  mm. ;  the  Oldhamia  ridges, 
have  the  same  width. 

7.  The  folds  traverse  several  successive  laminae  of  the  phyllade^ 
for  a  distance  reaching  and  exoeeding  2*0  mm.  in  length. 

8.  A  series  of  such  folds  traversing  several  laminae,  regarded 
axially,  has  the  appearance  of  a  narrow  band  of  different  textorer 
and  colour  to  the  rest  of  the  rock :  this  is  due  to  the  refleotioik 
of  Ught  from  similarly  orientated  fiakes  of  mica. 
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9.  In  some  oases  a  definite  blaok  line  marks  the  surface  of  ih» 
imdulations  of  a  single  lamina.  This  is  produced  by  some  f  erru- 
ginons  material  soluble  in  hydrochloric  acid.  It  is  suggestive  of 
the  previous  existence  of  an  organism,  the  decay  of  which  might 
have  led  to  a  deposition  of  some  compound  of  iron.  Further  obser- 
vation of  deaved  specimens  shows,  however,  that  the  ferruginous 
layer  is  not  restricted  to  the  Oldhamia  markings,  but  occurs  evenly 
over  the  surface  of  the  laminse. 

10.  More  frequently  the  cleavage  laminsB  are  coated  with 
chlorite,  which  appears  in  some  cases  of  greater  thickness  within 
the  grooves  which  represent  in  imtaglio  the  ridges  of  Oldhamia. 

11.  In  some  spedmeus,  straight  or  undulating,  black  lines 
run  along  the  axis  of  a  series  of  folds :  these  are  produced  partly 
by  a  dumge  in  direction  of  black  rods,  which  in  other  cases  run 
parallel  to  the  cleavage  laminsd,  and  partly  by  the  in-filling  of 
minute  cracks  formed  along  the  axis  of  the  folds. 

12.  In  such  cases  the  folds  are  usually  sharper  and  closer 
together.  Seven  successive  folds  were  counted  in  a  distance  of 
0*8  mm.  in  one  instance.  The  sericite  scales  are  sharply  bent  in 
parallelism  with  the  axis.  In  a  hand  specimen  these  sharp,  sheared^ 
or  faulted  folds  produce  an  appearance  of  false  bedding  on  a  small 
scale. 

13.  They  appear  to  represent  a  further  stage  in  the  folding  of 
the  rook,  which  commences  with  the  broader  wrinkles  of  the  usual 
kind. 

14.  These  appearances  are  remarkably  similar  to  those  of 
^<  ausweichungsclivage,"  described  by  Heim  in  his  "  Gibergsbil- 
dung." 

15.  They  also  suggest  a  resemblance  to  the  modified  bedding 
foliation  and  cleavage  foliation  described  by  Prof.  Bonney  in  Ids 
last  Presidential  Address  to  the  G-eological  Society  of  London 
(figs.  3  &  4,  p.  70),  but  differ  in  the  fact  that  the  sericite  scales 
are  conformable  with  the  foldings  in  the  Oldhamia  phyllades,  but 
not  in  the  quartz  gneiss  of  Muchalls,  where  they  lie  at  right  angles 
to  the  chord  of  the  folds. 

16.  While  these  observations  tend  to  show  that  Oldhamia  is  but 
the  incipient  stage  of  "  aasweiohungsdivage,"  they  throw  no  light 
on  the  remarkable  radiate  form  of  the  markings. 
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XXXVI.— ON  THE  PHYSICAL  PROPERTIES  OP  MANGA- 
NEBE  STEEL.  By  W.  P.  BARRETT,  Professor  of 
Experimental  Physics  in  the  Royal  College  of  Science 
for  Ireland. 

i  [Bead,  December  15,  1886.] 

At  the  British  Association  meeting  in  Aberdeen,  in  1885,  Mr. 
J.  T.  Bottomley  read  a  brief  note  on  "  A  specimen  of  almost  im- 
magnetisable  steel.''  As  the  magnetisation  of  iron  was  a  subject 
on  which  I  had  worked  for  some  time,  Mr.  Bottomley  was  good 
enough  to  hand  over  to  me  this  remarkable  specimen  of  steel  for 
further  investigation,  at  the  same  time  giving  me  the  name  and 
address  of  Messrs.  Hadfield  &  Co.,  Steel  Founders,  of  Sheffield,  the 
patentees  and  manufacturers  of  this  steel. 

Upon  writing  to  Messrs.  Hadfield,  they  furnished  me  with  the 
result  of  a  chemical  analysis  of  their  patent  steel,  which  is  as 
follows : — 


Fe. 

Mn. 

C. 

Si. 

P. 

s. 

86-68 

12*25 

0-80 

016 

010 

0-02  per  cent. 

Other  varieties  of  this  steel  are  manufactured,  but  this  is  the 
most  generally  serviceable.  Specimens  of  this  steel  were  first  ex- 
liibited  at  the  Institute  of  Mechanical  Engineers  in  London  in  the 
early  part  of  1884,  and  a  Paper  describing  this  material  appeared 
in  die  Engineer  for  February  8,  1884.  From  this  Paper  I  make 
the  following  quotation : — 

''  It  is  sufficiently  well  known  that  manganese  has  been  employed  for 
many  years  in  the  manufacture  of  steel  in  various  proportions,  bat  any- 
thing exceeding  1  per  cent.,  it  has  been  generally  believed,  would  render 
the  metal  under  treatment  worthless,  and  any  further  addition  thereof  in 
excess  of  this  proportion  has  been  considered  impracticable.  In  fact, 
Dr.  Siemens  had  stated  publicly,  on  many  occasions,  that  the  use  of 
manganese  was  simply  a  cloak  to  cover  the  imparities  in  steel  making, 
that  it  covered  a  multitude  of  sins :  and  this  was  the  general  opinion  ol 
the  st^el  trade.  Messrs.  Hadfield,  of  Sheffield,  however,  engaged  in  a 
long  series  of  experiments  and  tests,  with  the  object  of  discovering  its 
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trathy  and  after  a  considerable  expenditure  of  time  and  capital,  dis- 
<K>yered  that  by  adding  the  ordinary  ferro-manganese  of  commerce  to  iron 
^r  steel  in  such  proportions  as  to  produce  in  the  steel  or  decarbonized  iron 
under  treatment  a  percentage  of  manganese  yarying  from  7  to  20  per 
cent.,  that  the  most  beneficial  results  could  be  obtained.  Such  per- 
oentage  is  regulated  according  to  the  purpose  for  which  the  steel  is 
required.  For  instance,  to  produce  a  steel  suitable  for  armour-plates 
and  other  purposes,  as  we  mentioned  last  week,  they  add  about  10  per 
•oent.  of  rich  feiro-manganese,  containing,  say ,  80  per  cent,  of  manga* 
nese,  thus  obtaining  a  steel  containing  about  10  per  cent,  of  manganese. 
Eor  railway  purposes  they  add  about  1 1  per  cent. ;  for  steel  toys  and 
tools,  about  12  per  cent.  They  pour  this  ferro-manganese  into  the 
molten  steel  under  treatment,  thoroughly  incorporating  it  therewith,  and 
ahen  run  it  into  ingot  or  other  suitable  moulds,  and  allow  it  to  cool,  after 
which  it  is  ready  for  use,  as  it  requires  neither  tempering,  rolling* 
forging,  nor  hardening.  This  treatment  of  steel  in  suitable  proportions, 
according  to  requirements,  appears  to  be  novel,  and  renders  the  steel  so 
manufactured  harder,  stronger,  denser,  and  tougher  than  most  steel  now 
manufactured,  even  when  forged  and  rolled.  This  steel  may,  however, 
be  forged  and  rolled  in  the  ordinary  manner.  Far  casting  it  has  the 
radvantage  that  it  possesses  greater  freedom  from  honeycombs  and  similar 
'defects ;  but  the  most  peculiar  property  is  its  great  toughness,  combined 
with  extreme  hardness.  It  is  through  this  that  the  hitherto  indispen- 
sable processes  of  rolling,  forging,  hammering,  hardening,  and  tempering 
may  be  dispensed  with,  thus  effecting  for  many  articles  an  enormous 
•economy  in  time,  labour,  and  expense.  In  casting  its  fluidity  enables 
£ne  steel  castings  to  be  made  without  misrunning,  and  approaching  in 
smoothness  iron  castings. 

**  Amongst  the  samples  of  the  steel  placed  on  the  table  at  the  meeting 
of  the  Mechanical  Engineers  was  a  sample  test  bar  containing  12  per 
•cent,  manganese,  bent  double  when  cold,  though  hard  enough  for  turning 
iron ;  a  sample  from  same  ingot  shows  a  tensile  strength  of  42  tons  per 
square  inch,  with  20*85  per  cent,  elongation ;  several  hammered  pieces ; 
41  manganese  adze,  containing  20  per  cent,  manganese,  just  as  it  left  the 
mould;  an  axe,  containing  12  per  cent,  manganese,  just  as  cast  in  the 
jough,  had  chopped  through  iin.  square  iron.  This,  like  the  others^  had 
not  been  hardened  or  tempered,  only  the  edge  ground." 

In  a  Paper  read  before  the  American  Institute  of  Mining 
Engineers  in  May,  1884,  some  tests  of  this  steel  were  given,  show- 
ing the  extraordinary  tenacity  and  hardness  of  the  materisL 
When  hanimered  or  drawn  into  rods  it  loses  some  of  its  toughness. 
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and  Ineomee  exoeedingly  haxd.  If  now  the  steel  be  heated  to  » 
jellaw  or  nearly  welding  heat,  and  then  suddenly  quenched  in 
oold  water,  instead  of  beooming  harder  it  loses  some  of  its  hard- 
ness, and  becomes  exoeedingly  tough,  so  that  the  effect  prodooed 
upotk  manganese  steel  is  just  the  opposite  to  that  produoed  upon 
Cfdinary  steel,  which  is  of  course  rendered  hard  and  brittle  hj 
sadden  cooling. 

It  was  important  for  the  purpose  of  my  investigation  to  obtain 
a  specimen  of  manganese  steel  drawn  into  wire,  and  Messrs.  Had- 
fteld  endeaToured  to  draw  some  for  me.  In  this  they  did  not  at 
jbst  socoeed ;  so  I  bc^;ged  Messrs.  Bylands  of  Warrington,  whofi^ 
azteuaiye  wire-drawing  works  are  well  known,  to  make  the  attempt 
They  were  good  enough  to  oblige  me,  and,  after  several  ineffectual 
trials,  wrote: — *'  We  gave  the  steel  into  the  hands  of  our  most  expe- 
rienced wire-drawer,  a  man  who  is  accustomed  to  draw  craoible 
ateel  wire ;  but  he  says  that  although  he  gave  it  every  facility, 
putting  only  half  a  size  on  to  it,  the  steel  will  not  draw  at  alL'^ 
After  much  time  had  been  lost  in  these  attempts,  Messrs.  Hadfield, 
at  my  request,  once  more  undertook  the  task  themselves ;  and  I  am 
glad  to  say  they  have  now  been  completely  suooessfuL  The 
specimens  here  exhibited  for  the  first  time  are  long  lengths  of 
manganese  steel  wire.  No.  13  S.  W.  G.,  and  also  No.  19  8.  W.G.r 
of  two  kinds,  hard  and  soft.  I  requested  Messrs.  Hadfield  to  let 
me  know  the  method  of  wire-drawing  they  found  suocessfol,  and 
tiie  following  is  their  account  of  the  process  adopted  in  drawing 
manganese  steel  into  wire : — 

^*  When  first  trying  to  reduce  this  material  from  the  rolled  rods  into^ 
wire,  it  was  attempted  to  draw  it  straight  away  from  the  rods;  but, 
owing  to  its  hardness,  very  little  progress  could  be  made,  as  the  wire  kept 
breaking  in  short  lengths.  Several  methods  were  tried,  such  as  softening 
it  by  annealing,  as  in  ordinary  wire ;  but  this  seemed  to  make  very  little 
diflterence. 

**  As  exceedingly  good  bending  tests  had  been  obtained  with  bars  of 
the  same  steel  when  heated  to  a  yellow  heat,  and  plunged  into  cold 
water,  it  was  thought  worth  while  attempting  a  similar  experiment  with 
the  rolled  rods  before  trying  to  draw  it  down  into  wire.  The  rods  were 
coiled  up,  heated  to  a  yellow  heat  over  a  smith's  fire,  and  then  plunged 
into  cold  water.  It  was  then  easily  drawn  into  wire,  starting  with 
Ho.  7  gauge,  when  it  was  drawn  to  No.  9  with  safety.    This  drawing 
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again  took  out  the  requisite  ductility,  aad  it  was  therefore  necessary  ta- 
again  heat  the  wire,  and  plunge  it  in  the  same  manner  as  before.  By 
doing  this  each  time  the  wire  was  reduced  two  numbers  of  the  gauge ; 
there  was  no  difficulty  whatever  in  drawing  it  to  any  desired  fineness, 
the  only  point  necessary  being  that  the  wire  must  be  heated  sufficiently 
hot  before  plunging  into  cold  water,  or  the  wire  would  be  still  too  hard. 
The  colder  the  water  the  better  the  result." 

The  composition  of  the  manganese  steel  from  which  the  wire- 
-was  drawn  is  slightly  different  from  the  specimen  I  obtained  from 
Mr.  Bottomley .    The  analysis  of  the  wire  is  as  follows : — 

Iron.       Manganefle.  Carbon.      Silicon.       Phos.       Sulplinr. 

84-96         13-76         0-85        0-26         0-10         0*09  per  cent. 

I  have  now  to  lay  before  the  Society  the  results  of  some  of  my 
experiments  with  this  material : — 

Density. — The  density  of  the  manganese  steel  wire,  I  find,  is 
7 '81,  that  of  ordinary  steel  being  7-717. 

Hardness. — In  its  ordinary  condition  manganese  steel  is  very 
hard.    It  easily  scratches  steel  that  is  not  hard-tempered. 

Modulus  of  Elasticity. — The  modulus  of  elasticity  (Young's 
Modulus)  was  determined  by  direct  stretching.  Experiments  were 
made  with  the  ordinary  hard  manganese  steel  wire  and  with  the 
same  wire  annealed  by  sudden  cooling.  A  length  of  four  metres 
was  suspended  from  a  well-constructed  clamp  of  a  new  form^ 
devised  and  made  for  me  by  Messrs.  Booth,  Brothers,  of  Dublin^ 
and  the  readings  were  taken  by  an  excellent  oathetometer.  The 
flexure  of  the  support  under  the  maximum  stress  was  carefully 
tested  and  found  to  be  inappreciable.  An  initial  weight  of  2000^ 
grammes  was  kept  on  the  wire,  and  additions  were  made  of  10,000  up* 
to  40,000  grammes;  with  the  maximum  weight  there  was  no  set,  the 
index  aoourately  returning  to  zero  when  the  weights  were  removed. 
Three  elongations  were  made  in  each  of  five  sets  of  observations, 
the  mean  of  the  fifteen  trials  giving  a  modulus  of  16,800  kilogrammes 
per  square  millimetre.  Another  set  of  observations  were  made  with 
an  initial  stress  of  5000  grammes ;  adding  to  this  38  kilogrammes,.. 
on  and  off,  the  mean  of  three  sets  of  observations  thus  made  gave^ 
a  rather  higher  number,  namely,  17,130  kilogrammes  per  square- 
millimetre. 

Mr.  M'Cowan,  B.  So.,  the  Demonstrator  in  Physios  at  the- 


Digitized  by  LjOOQ IC  . 


^64  SeiefUific  Proceedings^  Royal  Dublin  Society. 

Oollege  of  Boienoe,  alfio  took  a  set  of  careful  obfiervations ;  the 
number  he  independentlj  obtained  was  somewhat  lower,  namely, 
16,470  kilogrammes  per  square  millimetre. 

The  mean  of  these  three  series  of  experiments  is  the  sama 
number  as  the  mean  of  the  first  fifteen  experiments,  viz. : — 

16,800  kilogrammes  per  square  millimetre, 

or  1680  X  10'  grammes  per  square  oentimetre,  which  may  be  taken 
as  the  modulus  of  hard  manganeise  steel  tcire.  The  diameter  of  the 
wire  used  was  0'98  millimetres,  and  the  length  under  obserTation 
^•466  metres. 

The  soft  manganese  wire  was  now  tried.    Six  sets  of  experi- 
ments were  made  with  three  or  four  elongations  in  each,  the  m^ean 
^f  twenty  elongations  giving  a  modulus  of 

16,710  kilogrammes  per  square  millimetre, 

slightly  below  that  of  the  hard  wire. 

These  numbers  are  lower  than  I  expected.  Iron  has  a  modulos 
•of  18,610  kilogrammes  per  square  millimetre.  Steel  wire  varies 
from  18,810  up  to  pianoforte  wire,  which  is  20,490  kilogrammes 
per  square  millimetre. 

But  this  comparatively  high  rate  of  extensibility  of  manganese 
steel  is  for  many  purposes  a  considerable  advantage,  as  it  enables 
the  material  to  give  under  a  sudden  stress  without  fracture. 

Breaking  stress. — Experiments  in  the  breaking  stress  of  the 
wire  were  now  made.  The  dynamometer  I  used  was  tested 
^and  found  correct.  A  comparative  experiment  was  made  with 
pianoforte  steel  wire,  0*027  inch  diameter.  This  broke  at  a  stress 
of  ISO  lbs.,  corresponding  to  a  breaking  stress  of  117  tons  per  square 
inch.  Ordinary  steel  wire  has  a  breaking  stress  of  54  to  63  tons 
per  square  inch.  The  tenacity  of  the  best  pianoforte  steel  wire  is 
the  highest  known,  and  amounts  to  150  tons  per  square  inch. 

The  soft  manganese  steel  wire^  No.  19  S.W.G.,  or  0*96  milli* 
metres  in  diameter  (that  is  an  area  of  0*00125  square  inch),  broke 
4kt  a  stress  of  124  lbs.,  with  18  per  cent,  elongation :  the  elongation, 
in  fact,  was  remarkable,  being  4  centimetres  in  22  centimetres. 
This  breaking  stress  is  equivalent  to  48'8  tons  per  square  inoh. 

The  hard  tcire  of  the  same  size  had  a  far  higher  tenacity  and 
fiEur  less  elongation.    The  first  experiment  gave  a  breaking  akrem 
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of  280  lbs.,  or  one-eighth  of  a  ton,  which  ooiresponds  to  the^ 
enormoufi  breaking  stress  of  110*2  tons  per  square  inch.  A  second 
experiment  gave  a  breaking  stress  of  278  lbs.,  which  corresponds  to  - 
109*4  tons  per  square  inch,  with  an  elongation  of  but  little  over 
1  per  cent.;  the  ordinary  steel  wire  I  tried  elongated  double  this 
amount.  Experunents  on  the  breaking  strain  of  bars  of  this  steel 
haTO  also  been  made  bj  Mr.  Bamabj,  the  Admiralty  inspector  in 
Sheffield,  who  found  that  the  specimen  of  manganese  steel  he  tried 
bore  a  strain  of  67  tons  per  square  inch,  with  the  extraordinary 
amount  of  44  per  cent,  elongation  before  breaking. 

High  as  is  this  figure,  the  number  I  obtained  for  the  wire  was 
far  higher,  and  in  fact  was  so  remarkably  high  that  I  was  anxious 
for  an  independent  determination  with  another  dynamometer. 
Mr.  H.  A.  Ivatt,  the  Locomotive  Engineer  of  the  Qreat  Southern 
and  Western  Eailway  "Works  at  Inchicore,  kindly  imdertook  this 
for  me,  as  in  their  works  a  new  and  very  accurate  dynamometer 
has  recently  been  erected.  Mr.  Ivatt  found  my  figure  was  per- 
fectly correct,  and  sends  me  the  following  statement : — 

G.  S.  &  W.  R.— Locomotive  Depaetment,  Inchicoee  Works,  Dublin. 


■J 

Date. 

lJ6scnption  of 
Matenal,  &c. 

Standard 
Wire 
Gauge. 

Area, 
inches. 

Tensile  Stress. 

Appearance  of 
Fracture. 

Total 
lbs. 

Tons 

per 

sq.  in. 

1 

2 
3 

Dec.  13, 

99 

Manganese  steel  wire, 
from  Prof.  Barrett, 

»»                               9  9 

No.  19 

9> 
>> 

•00125 

291 
310 
302 

103-8 

110-7 
107-9 

Hard  and  brittte. 

I>                          91 

19                            99 

Owing  to  the  extremely  brittle  nature  of  tlie  metal,  the  elongation  could  not  be 

detected. 


(Signed), 


H.  A.  Ivatt,  Loeomotioe  Engineer. 


Tested  by  W.  C.  Irwih. 


Mr.  Ivatt  also  tried  a  specimen  of  thioker  wire,  No.  13-  gauge  \ 
but  I  had  previously  spoilt  this  specimen  by  testing  the  effect  of 
heating  it  to  whiteness  and  quenching  in  cold  water,  which 
rendered  the  wire  soft.  This  specimen  in  its  soft  state,  Mr.  Ivatt 
found,  had  a  breaking  stress  of  47*4  tons  per  square  inch,  nearly 
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the  same  as  I  found  for  the  fine  wire  in  the  soft  state.  Mr. 
Ivatt  tried  to  harden  it,  and  writes : — *^  Heating  the  No.  13  wire 
to  redness,  and  allowing  it  to  cool  yery  slowly,  is,  I  find,  the  only 
way  to  harden  it"  This  rendered  the  wire  hard  and  brittle,  and 
apparently  lessened  its  tenacity,  for  the  same  wire  now  broke  at  a 
stress  of  38*3  tons  per  square  inch. 

It  will  be  interesting  to  compare  the  tenaoity  of  the  manganese 
steel  wire,  in  grammes  per  square  oentimetre,  with  that  of  iron  and 
steeL  Aooording  to  Sir  W.  Thomson  (Art.  ''  ElastidtT"  JSncye. 
Brit,  new  edit.),  the  tenaoity  or  breaking  stress  of — 

Iron  wire  is,      .        .        .     625  to  651  x  10^  grammes  per  sq.  cm. 
Steel  wire,         .         .        .     859  to  991  x  10*        „  „ 

Best  pianoforte  steel  wire,  .  2362  x  10*        „  „ 

Common  pianoforte  steel )  1851  x  10* 

wire,  .        .  I  »>  »i 

Hard  manganese  steel  wire,  1735  x  10*        „  ,, 

The  two  last  are  my  own  determinations. 

Electric  Resistance. — I  next  determined  the  electric  conductivity 
of  the  wire.  For  this  I  employed  No.  19  wire,  0*96  mm.  dia.,  in 
•  a  length  of  510  cm.  This  had  a  resistance  of  6*22  ohms,  t.^ 
practically  an  ohm  per  metre.  The  resistance  of  the  hard  and  soft 
wire  were  exactly  alike.  The  specific  resistance  was  0'000077  of 
an  ohm,  or  77,000  0*  G.  S.  units  for  a  cubic  centimetre.  This  is 
yery  high :  the  sp.  resistance  of  ordinary  iron  is  9827  C.  G*.  S.,  and 
of  German  silver  wire  21,170  C.  G.  S.  units  per  centimetre  cube. 
Experiments  are  in  progress  to  determine  how  &r  its  resistance  is 
affected  by  change  of  temperature ;  but,  in  any  case,  the  remark- 
ably high  resistance  of  manganese  steel  wire  points  to  a  useful 
application  of  this  material  for  the  construction  of  resistance  cQik 
for  electric  lighting  and  other  purposes. 

I  now  come  to  the  next  and  most  interesting  feature  of  this 
steel — ^its  magnetic  inertness. 

Magnetic  Co^efficients. — ^Mr.  Bottomley,  in  his  note  before  the 
British  Association,  to  which  I  have  referred,  stated  that  he  had 
submitted  the  bar  of  manganese  steel  to  an  enormous  magnetising 
force  (far  beyond  what  would  be  necessary  to  saturate  ordinazy 
steel),  and  after  the  magnetisation  of  the  manganese  steel  he  hsd 
•determined  its  intensity  of  magnetisation,  by  the  deflection  of  a 
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mirror  magnetometer.  The  number  so  obtained  showed  a  magnetic 
moment  /u  »  2*55  0.  Q.  S.  units.  Dividing  this  by  the  weight  of 
the  steel  we  obtain  the  magnetisation  per  gramme,  which  is  0*013 
0.  G.  S.  units.  Ordinary  steel  has  a  number  ranging  from  40  to 
60,  and  even  up  to  100,  0.  G.  S.  units  per  gramme. 

Henoe  the  ratio  of  the  intensity  of  magnetisation  in  manganese 
steel  to  that  in  ordinary  steel  isasl  to  3000,  up  to  1  to  7700  in  the 
best  qualities. 

So  that  the  intensity  of  magnetisation  that  can  be  given  to 
manganese  steel  is,  say,  5000  times  less  than  that  given  to  steel  of 
average  quality ;  or  if  steel  be  100,000,  manganese  steel  is  20. 

This  refers  to  the  degree  of  permanent  magnetism  that  can  be 
imparted.  It  is  important  to  know  the  oo-effioient  of  induced 
magnetism  of  this  remarkable  body.  This  oo-effioient,  designated  by 
JT,  is  the  ratio  of  the  intensity  of  induced  magnetisation  to  the 

magnetising  foroe  of  the  field,  or  IT  »  -=.:  this  is  now  generally 

xz 

termed  the  magnetid  susceptibility  of  the  substance. 

The  experimental  determination  of  this  constant,  for  so  feeble 
s  magnetic  body  as  manganese  steel,  proved  a  more  difficult  task 
than  I  anticipated,  as  it  is  scarcely  comparable  with  iron,  and 
therefore  like  weighing  stones  and  grains  on  the  same  balance. 

I  first  tried  the  method  of  torsion  adopted  by  Faraday  in  the 
determination  of  the  magnetic  foroe  of  magnecrystallic  bodies,  and 
described  by  him  in  the  last  of  his  "  Experimental  Besearohes  in 
Electricity,"  Phil.  Trans.,  1866. 

A  platinum  wire,  hung  from  a  graduated  torsion  head,  sus- 
pended the  specimen  under  examination  in  a  powerful  and  uniform 
magnetic  field  obtained  from  a  large  electro-magnet.  A  graduated 
circle  was  placed  below  the  object  under  trial,  the  zero  coinciding 
with  the  axial  position  of  the  object.  On  exciting  the  magnet, 
and  then  turning  the  torsion  head,  the  object  was  twisted  out  of 
its  axial  position,  and  at  last  reached  a  position  of  unstable  equili- 
brium, when  it  suddenly  swung  round  to  the  axial  position  again, 
but  with  reversed  ends.  The  degree  of  torsion  required,  minus  the 
upsetting  angle,  was  used  by  Faraday  to  *'  measure  the  force  which 
solicits  the^  body  to  retain  its  axial  position,"  that  is  to  say,  it  is  a 
relative  measure  of  the  magnetism  induced  in  the  body,  or  its 
sosceptibility. 
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A  single  example  out  of  many  experimenta  will  show  the- 
working  of  this  method.  A  piece  of  manganese  steel  wire  2*15> 
millimetres  diameter  and  44  centimetres  long,  was  suspended  (by  a 
platinum  wire  attached  to  a  torsion  head)  in  a  uniform  and  con- 
stant magnetic  field.  On  turning  the  torsion  head,  the  upsetting^ 
angle  was  found  to  be  60^,  and  the  torsion  required  for  this  waa 
168^  Hence  158°  -  60',  or  98°,  is  the  actual  force  of  torsion  em- 
ployed. With  a  piece  of  fine  iron  wire  of  precisely  the  same- 
length  and  0*2  millimetres  diameter,  the  upsetting  angle  was  70°, 
and  the  torsion  required  320°.  Hence  320°  -  70°,  or  250°,  waa 
the  force  required  in  this  case.  The  ratio  of  the  forces  of  the  twf> 
bodies  are  therefore  as  1  :  2-5.  The  ratio  of  the  volimies  of  the 
two  substances  will  be  as  the  squares  of  their  diameters,  or  as 
1  :  115.  Assuming  the  magnetic  moment  increases  as  the  volume- 
of  the  bodies,  the  ratio  of  the  forces  multiplied  by  the  ratio  of  the 
volumes  will  express  the  ratio  of  the  susceptibilities  of  the  two 
bodies,  which  gives 

1  :  287. 

There  are,  however,  some  objections  to  this  method  of  experiment,, 
as  the  upsetting  angle  is  not  the  same,  and  hence  the  magnetio 
distribution  at  two  different  angles  will  not  be  alike  in  the  two 
oases. 

The  following  method  is  free  from  this  objection.  The  force  re- 
quired to  turn  each  of  the  two  substances  through  a  given  very  ^malt 
angle,  when  they  are  suspended  in  a  magnetic  field  of  constant 
strength,  is  found:  this  value  (less  the  angle  of  deviation),  multiplied 
by  the  ratio  of  the  volumes  of  the  two  bodies,  will  give  the  number 
sought.  A  mirror  was  attached  to  the  cradle  supporting  the  body, 
and  by  means  of  a  lamp  and  scale,  a  very  accurate  measure  of  the 
angle  through  which  the  substance  was  turned  could  be  obtained. 
A  constant  current  of  7|  amperes  was  used  to  magnetize  the 
electro-magnet,  a  uniform  field  being  obtained  between  two  large 
upright  pole  pieces.  The  torsion  required  to  turn  the  manganese 
steel  through  18°  was  in  one  experiment  42°*5,  and  in  another  42°*3, 
or  a  mean  of  42*4°.  The  torsion  required  to  turn  the  fine  iron  wire 
through  the  same  angle  was  d4°.  This,  less  the  angle  of  deviation, 
gives  a  ratio  of  1  :  3.  In  a  more  powerful  field  the  numbers  were 
66°  and  68°,  or  a  mean  of  67°  for  the  manganese,  and  165^*5  and 
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166°-5,  or  a  mean  of  156°  for  the  iron,  a  ratio  of  1  :  2*8  The 
volumes  of  the  bodies  being  as  1  :  115,  the  former  experiment 
gives  a  ratio  of  the  susceptibilities  as  1  :  345  and  the  latter  as 
L  :  322.  Sence  ire  map  sap  that  the  manganese  steel  has  about  330 
times  less  magnetic  susceptibility  than  soft  iron;  or,  if  iron  be 
100,000,  manganese  steel  will  be  about  300 — a  verj  diiferent 
number,  it  will  be  observed,  from  that  obtained  by  Mr.  Bottomley, 
for  the  intensity  of  permanent  magnetisation  of  the  two  bodies. 

A  few  experiments  were  now  made  to  determiue  whether  this 
method  showed  that  the  magnetic  moment  was  directly  propor- 
tional to  the  volume  of  the  material.  Half-a-dozen  pieces  of  fine 
manganese  steel  wire  were  cut,  of  equal  lengths,  and  the  upsetting 
force  and  corresponding  angle  determined  in  each  case.  The  angle 
being  60°,  the  upsetting  forces,  less  this  angle,  were  as  follows : — 


Upeetting 
Force. 

Withl 

piece,    . 

132 

»    2 

pieces,  . 

236 

„     3 

>»       •         • 

400 

„    4 

>i 

538 

„     5 

» 

664 

M      6 

» 

793 

Force 
per  piece. 

132 

118 

133 

134 

133 

132 


Dividing  the  upsetting  force  by  the  number  of  pieces  in  each 
case,  we  obtain  the  force  per  piece,  as  shown  in  the  last  colunm. 
With  the  exception  of  the  second  experiment — which  is  evidently 
erroneous — it  will  be  seen  that  the  forces  are  directly  proportional 
to  the  number  of  pieces,  and  hence  to  the  volume  of  the  body. 

Since  I  began  this  investigation.  Dr.  J.  Hopkinson  has  sent 
me  his  paper  on  the  "  Magnetisation  of  Iron,"  read  before  the 
Boyal  Society  of  London,  in  April,  1886.  Until  I  received  this 
paper  I  was  unaware  that  Dr.  Hopkinson  had  been  experimenting  on 
the  magnetic  properties  of  manganese  steel.  The  method  adopted 
by  Dr.  Hopkinson  to  determine  the  magnetic  susceptibility  was 
wholly  difFerent  from  that  which  I  employed,  and  consisted  in 
measuring  the  induced  current  generated  by  the  sudden  removal 
of  a  small  coil  of  wire  that  encircled  the  iron  or  steel  bar  under 
experiment,  and  which  bar  had  previously  been  submitted  to  a 
powerful  magnetising  current.     The  maximum  magnetisation  of 
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wrought  iron  and  of  manganese  Bteel  (with  12*36  per  cent,  of 
manganese)  deduced  from  Dr.  Hopkinson's  figui*es  are  as  1441  to 
5-6,  or  268  to  1. 

These  numbers  are  fairly  in  aooordanoe  with  those  I  have 
obtained,  viz.  330  to  1,  for  steel  containing  13*75  per  cent,  of 
manganese.  Considering  the  wide  range  of  the  figures  in  the  table 
given  by  Dr.  Hopkinson,  I  should  imagine  that  his  ratio  is  some- 
what less  reliable  than  the  one  I  have  given. 

Other  Magnetic  Properties. — It  was  interesting  to  ascertain 
whether  the  presence  of  this  percentage  of  manganese  in  steel 
deprived  it  of  other  well-known  magnetic  properties.  As  might 
be  expected^  it  showed  no  elongation  under  magnetisation.  It  did 
not  exhibit  the  magnetic  tick  or  sound  heard  when  iron,  steel, 
nickel,  or  cobalt  is  ipagnetized  and  demagnetized.  A  more  in- 
teresting question  was  whether  it  would  exhibit  the  anomalous 
•expansion  and  after-glow  which  take  place  in  iron  or  steel  wire 
when  they  cool  to  a  certain  critical  temperature,  after  being 
heated  to  whiteness.  I  have  shown  that  these  phenomena  are 
ooincident  with  that  temperature  when  the  magnetic  state  of 
these  metals,  destroyed  by  a  high  temperature,  is  resumed  on  cool- 
ing. Careful  experiments  with  the  manganese  steel  wire,  heated 
to  a  bright  whiteness,  established  the  fact  that  no  trace  of  this 
anomalous  deportment  on  cooling  occurred  with  this  substance. 
Here  then  we  have  a  singular  and  an  importcuit  link  between 
the  magnetic  state  of  a  body  and  its  sudden  and  momentary  ex- 
pansion and  reheating,  when  at  the  critical  temperature.  like 
manganese  steel,  the  non-magnetic  metals — platinum,  copper, 
German  silver,  silver  and  gold  wire — do  not  exhibit  this  phe- 
nomenon.' 

I  have  good  hope  that  the  experiments  here  recorded  will  be- 
come a  starting-point  for  further  investigation.  When  we  remember 
that  13  per  cent,  of  a  non-magnetic  metal,  tnechaniealig  mixed  with 
iron  or  steel,  produces  but  a  slight  change  in  the  magnetic  state  of 
the  latter,  and  then  consider  the  profound  magnetic  change  brought 
about  by  13  per  cent,  of  manganese  (itself  a  feebly  magnetic  metal) 


^  Nickel,  I  find,  does  not  exhibit  it,  contrary  to  my  expectation  ;  bat  the  magnetie 
vtate  of  nickel  is  lost  at  a  tempeiatiire  of  330^  to  340"*  0.,  which  is  conriderably  below 
red  heat.    Cobalt  wire  I  have  not  yet  been  able  to  obtain. 
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'when  alloyed  with  steel,  we  are  led  into  speculation  as  to  the  nature 
of  magnetism,  and  why  chemical  union  should  destroy  the  mag- 
netic state.  Manganese  steel  has  about  the  same  magnetic  suscep- 
tibility as  ferric  oxide ;  Q-erman  silver,  in  like  manner,  which  is  an 
alloy  of  brass  with  the  magnetic  metal  nickel,  is  itself  magnetically 
inert.  Why  is  this  P  Do  the  molecules  of  manganese  insulate  the 
imaginary  Amperian  currents  in  the  iron,  and  so  prevent  the  mole- 
<3ular  movement  which  invariably  accompanies  the  act  of  magneti- 
sation ?  But  if  so,  how  P  The  electric  resistance  of  manganese 
steel,  as  a  whole,  is  scarcely  8  times  less  than  iron,  but  the  magnetic 
power  is  upwards  of  300  times  less. 

These  experiments  have  also  a  practical  as  well  as  a  theoretic 
interest.  Prom  its  high  tenacity  and  negative  magnetic  properties, 
manganese  steel  is  eminently  adapted  for  the  construction  of  those 
parts  of  machines  where  the  magnetic  properties  of  iron  or  steel 
•are  a  serious  disadvantage — such,  for  example,  as  the  bed-plates  of 
•dynamos. 

Moreover,  as  everyone  knows  that  the  deviation  of  the  com- 
pass on  iron  ships  is  a  grave  danger  in  navigation,  more  especially 
from  the  fluctuating  character  of  the  sub-permanent  magnetism 
<lue  to  the  hard  iron  and  steel,  the  use  of  manganese  steel  for  the 
construction  of  iron  vessels  and  of  ironclads  in  the  jiavy,  and  for  the 
anchors  and  chain  cables  of  all  vessels,  suggests  a  simple  mode  of 
returning  to  the  magnetic  safety  of  our  wooden  vessels  without 
sacrificing  the  advantages  of  iron.^ 


'  VHien  tlie  foregoing  Paper  was  read,  Mr.  Fletcher  Moore,  of  Kilbride  Manor, 
called  attention  to  the  fact  that  a  manganese  iron  ore  mine  existed  at  Kilbride,  Co. 
Wicklow,  and  stated  that  from  this  ore  iron  had  been  smelted  of  great  tenacity  and 
high  quality. 
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INTEODUCTION. 

It  appears  expedient  to  give,  as  an  introduotion  to  the  subjeot  of 
the  following  pages,  an  epitome  of  the  geological  and  lithologioal 
relations  of  these  rocks  to  one  another,  and  subsequentlj  classified 
lists  and  sub-lists — ^those  classed  as  marbles  being  separated  from 
those  more  suited  for  cut-stone  purposes:  necessarilj,  however, 
most  of  the  marbles  are  also  applicable  for  more  general  uses. 

The  lists  of  the  marbles  will  be  as  complete  as  possible,  and  in 
them  will  be  included  all  places  where  stones  have  been  worked  as 
marble,  whether  successfully  or  otherwise.  To  these  will  be  added 
other  places  in  which  stones  are  found  that  may  possibly  be  here- 
after utilized. 

Marbles  proper  are  limestones  or  metamorphosed  limestones  of 
a  nature  capable  of  taking  and  retaining  a  good  polish.  The 
metamorphosed  limestones  belong  to  two  divisions — ^those  that 
have  undergone  simple  metamorphism,  that  is,  have  only  been 
altered  by  the  action  that  affected  the  associated  rocks ;  and  those 
that  underwent  a  second  or  after  change,  due  to  chemical  action 
from  without  [methylosis].  These  secondarily  changed  limestones, 
including  dolomytes  {ophiolytes^  ophicalcytesy  dolomytes^  &c.),  are 
generally  called  Serpentine ;  but  under  this  general  name  are  also 
included  chemically-alKed  rocks  [ophytes^  eklogytes^  steatytes^  pyro' 
phyllytesy  &c.),  rocks  that  originally  were  in  general  of  volcanic 
origin.  It  therefore  is  expedient  to  include  these  also  under  the 
title  of  marble,  and  class  them  all  together,  not  only  on  account  of 
their  chemical  relations,  but  because  all  are  generally  recognised  as 
marbles ;  and,  if  separated,  would  lead  to  confusion.  As  they 
will  be  hereafter  given  in  separate  sub-lists,  and  their  proper 
relations  to  one  another  be  pointed  out,  there  will  be  no  incorrect 
scientific  classification. 

The  marbles  will  be  classified  as  much  as  possible  according  to 
oolour,  under  the  county  names,  placed  alphabetically ;  while,  at 
the  same  time,  their  geological  and  lithological  positions  will  be 
kept  separate,  and  each  will  be  described  so  as  to  give  a  general 
knowledge  of  the  rocks,  and  the  probability  of  their  being  of 
economical  value. 
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The  list  of  the  limestone  quarries  will  not  be  so  full,  as  it 
would  be  unneoessaiy  and  undesirable  to  mention  all  quames  p 
the  nature  of  the  proposed  list  being  to  point  out  as  many  places 
as  possible  where  good  stones,  suited  for  out-stone  purposes,  can  be 
obtained,  or  stones  that,  from  some  specialty,  are  eminently  suited 
to  be  used  in  the  construction  of  piers,  harbours,  or  such-like 
massive  works.  These  lists  will  be  complete,  as  far  as  possible : 
but  some  isolated  quarries,  locally,  though  not  generally,  known,, 
may  be  omitted.  At  the  end  of  each  county  list  is  given  the 
general  nature  of  the  lime,  and  other  purposes  are  mentioned  to 
which  the  stone  has  been  applied.  In  the  counties  where  lime- 
stone is  scarce,  all  localities  in  which  it  is  found  are  given,  whether 
they  are  suitable  for  out-stone  purposes  or  not. 

The  geological  grouping  adopted  is  the  same  as  that  given  in 
the  Table  of  Geological  Strata  in  the  Paper  "On  Insh  Metal 
Mining"  {antei^.  204). 

Some  of  the  recent  limestones  accumulating  at  the  present 
time  might  be  utilised  in  the  manufacture  of  articles  of  vertu. 
They  scarcely,  however,  come  within  the  scope  of  this  Paper,, 
although  it  would  be  incomplete  without  a  reference  to  them. 
Such  are  the  stalactytes  and  stalagmytes  of  the  caves,  and  the 
massive  tufas  accumulating  in  the  vicinity  of  some  of  the  cal- 
careous springs. 

Next  before  these  in  geological  order  is  the  Cretaceous  or  White 
Limestone,  of  a  similar  age  to  the  English  Chalk,  but  possessing,. 
•  on  account  of  its  induration,  a  distinct  character  of  its  own.  This 
stone  is  principally  quarried  to  bum  into  lime,  as  it  is  not  suited 
for  fine  tool- work,  being  full  of  concealed  cracks  and  irregular 
joints.  It  can,  however,  be  scabbled  into  stones  of  small  dimen- 
sion, very  suitable  for  rough  masonry.  In  some  places  it  is  ground 
up,  and  manufactured  into  whiting. 

The  limestones  belonging  to  the  Idas  are  of  little  note,  being- 
only  nodules  and  layers  of  small  dimensions,  and  apparently  of 
little  value,  as  all  attempts  to  convert  them  profitably  into  a  cement 
have,  up  to  the  present,  failed. 

In  the  Trias  there  are,  in  a  few  localities,  massed  and  lenticular 
beds  of  gypsum. 

In  the  Permian  beds,  the  only  known  calcareous  rocks  are 
dolomytes.    They  axe  so  rare,  that  they  have  been  little  utilised,. 
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except  Bome  near  Belfast,  which  were  formerly  exported  to  Scot- 
land for  the  manafacture  of  sulphate  of  magnesia. 

In  Ireland,  the  great  development  of  limestone  was  in  the 
CarhoniferouB  Period.  These  rocks  occupy  nearly  the  whole  of 
the  central  plain,  with  ramifications  from  it,  and  in  some  places 
they  exist  in  tracts  that  are  more  or  less  isolated  and  of  yariable 
extent.  In  these  the  characters  of  the  rooks  differ  greatly,  some 
being  nearly  pure  limestone,  while  others  are  argillaceous  or  arena- 
ceous, often  to  such  an  extent  as  to  almost  lack  the  calcareous 
constituent. 

For  convenience  of  description,  the  Irish  Carboniferous  Lime- 
stones may  be  subdivided  as  follows : — 

I.  The  earthy  crystalline,  or  Lower-Bedded  Limestone,  These 
rocks  are  more  or  less  common  at  the  margins  of  the  tracts  of  the 
different  types  of  limestone ;  they  are  bedded,  and  in  general  have 
shales  or  clayey  partings  between  the  beds,  and  are  often  capable 
of  being  raised  in  large  masses,  but  rarely  are  they  eminently 
suited  for  cut- stone  purposes.  As  large  blocks,  they  are  valuable 
in  the  building  of  piers,  foundations,  or  other  massive  works. 

II.  Amorphous  or  Fenestella  Limestone.  The  latter  name  has 
been  suggested  by  Wynne,  as  the  mass  of  the  rook  in  general  is 
made  up  of  this  Corralline.  The  rock  originally  seems  to  have 
been  coral  reefs,  any  bedded  portions  in  it  being  for  the  most 
part  above  or  below,  or  as  isolated  subordinate  parts  in  the  mass. 
This  rook,  in  general,  is  not  suited  for  cut*  stone  purposes,  although 
some  of  the  included  portions,  when  manufactured,  afford  beautiful 
marbles.  At  the  present  time,  except  some  few  beds,  none  of  the 
rocks  of  this  type  seem  to  be  in  much  favour  with  the  marble- 
workers  ;  yet  from  them  our  ancestors  were  able  to  produce  exqui- 
site specimens  of  art.  The  work  cut  from  stones  of  this  dass  in 
the  Geraldine  banqueting  hall  at  Askeaton,  Go.  Limerick,  and  that, 
in  the  chaste  and  beautiful  pillars  of  the  cloisters  in  the  adjoining 
abbey,  cannot  be  surpassed. 

III.  Calpy  or  earthy  compact  limestone.  These  rocks  are,  in 
general,  not  good  for  cut-stone  purposes ;  but  they  can  usually  be 
raised  in  large  blocks,  for  which  reason  they  are  valuable  for 
massive  works.  Some  beds,  however,  are  very  compact,  homo- 
geneous, and  capable  of  taking  a  fine  polish,  and,  under  such 
oiroumstances,  have  produced  first-class  marbles. 
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TV.  Burren  type.  The  limestone  of  this  daas  was  so  called  by- 
Foot  on  account  of  its  being  best  dcTeloped  in  the  baionj  of 
Bniren,  Co.  Clare.  These  rocks,  when  typical,  are  in  shades  of 
grey  and  blue,  being  crystalline^  but  compaot  and  free-working ; 
while  many  beds  are  suitable  for  all  kinds  of  cut-stone  work.  All 
the  chief  Irish  quarries  of  the  present  day  are  situated  in  the 
limestone  of  this  type,  and  in  ancient  times  all  fine  workmLan- 
shipy  with  rare  exceptions,  such  as  the  work  at  Askeaton,  was 
executed  in  stone  of  this  class.  It  might  naturally  be  expected 
that  the  priucipal  black  marbles  should  be  found  in  the  Calp: 
this,  however,  seems  not  to  be  the  case,  as  some  of  the  world- 
famed  Irish  black  marbles  are  from  subordinate  beds  in  the  lime- 
stone of  the  ^'  Burren  type."  This,  to  us,  appears  to  have  led  to 
a  misconception,  as  some  of  the  tracts  classed  on  the  geological 
maps  as  **Calp"  are  so  called  solely  from  their  having  in  them 
beds  of  black  marble,  while,  correctly  speaking,  they  should  be 
mapped  as  *' Burren  limestone." 

It  is  necessary  to  explain  that  the  above  classification  is  solely 
a  lithological  one,  the  rocks  being  arranged  according  to  their 
general  characters,  and  not  to  their  geological  position.  The  ordi- 
nary geological  classification  has  been  found,  even  by  those  who 
still  use  it,  to  be  unstable,  as  the  rock-characters,  at  first  adopted 
as  conclusive  of  age,  being  now  found  to  vary  according  to  the 
circumstances  under  which  the  rocks  accumulated;  purer  lime- 
stones accumulating  in  deep  water,  while  littoral  and  shallow  water 
depositions  had  peculiar  and  special  characteristics.  The  rocks  of 
class  I.  were  evidently  littoral  accumulations ;  those  of  dass  IL> 
the  growth  of  coral  reefs  or  such  like ;  those  of  class  III.,  accumu- 
lations in  greater  or  lesser  expanses  of  shallow,  still  water,  into 
which  fine  silt  or  mud  was  drifting;  while  the  nature  of  the 
accumulations  of  the  rocks  of  the  Burren  type  is  hard  to  deter- 
mine, as  at  the  present  day  there  do  not  appear  to  be  any  records 
of  exactly  similar  depositions. 

We  have  adopted  as  much  as  possible  the  recognised  names— a 
plan  which  may  be,  in  part,  unsuitable  to  pure  geology ;  but,  at 
the  same  time,  as  the  geologists  of  the  present  day,  in  respect  to 
Europe  in  general,  and  also  more  or  less  elsewhere,  are  colouring 
their  maps,  rather  in  accordance  with  lithology  than  geology,  it 
seems  allowable  for  us  to  adopt  the  names  that  are  best  known  and 


Digitized  by  LjOOQ IC 


KiNAHAN — On  Irish  Marbles  and  Limestones.  377 

that  will  be  most  Intelligible,  especially  when  the  oorreot  definitions 
•of  the  names  are  also  given. 

Other  Carboniferous  limestones  are  those  that  occur  as  the 
basal  beds  of  the  Carboniferous  rocks,  associated  with  the  con- 
glomerates, in  the  counties  of  Clare,  Cblwaj,  and  Tipperary. 
These,  however,  are  of  minor  importance,  and  appear  to  have  been 
but  little  utilized. 

There  are  also  limestones  that  occur  at  the  margin  of  the 
Ordovician  (P)  or  Cambrian  (P)  metamorphic  rocks  to  the  north- 
ward of  Castlebar,  Co.  Mayo,  which  Symes  suggests  are  of  Car- 
boniferous age  [OeoL  Surv.  Mem,).  His  arguments  cannot  be 
lightly  passed  over ;  the  principal  ones  being  that  these  limestone 
sxe  unconformable  to  the  associated  rocks,  that  they  occur  in  more 
or  less  dyke-like  masses,  and  that  they  are  devoid  of  the  characten 
•of  metamorphic  limestone.  An  examination  of  the  rocks  seems  to 
prove  that  they  must  be  much  more  recent  than  the  adjacent  meta- 
morphic rock,  and  that  they  are  of  Silurian  or  Carboniferous,  or 
even  of  a  later  age.  Symes,  after  his  examination,  suggested  that 
they  were  Carboniferous,  and  due  to  the  filling  in  of  open  fissures, 
during  that  period,  with  Carbonifereus  matter.  It  is,  however, 
possible,  as  has  been  suggested  by  myself,  that  these  fissures  were 
filled  in  by  Silurian  limestone.  To  this  we  shall  refer  presently. 
All  these  limestones  are  more  or  less  used  for  lime,  some  of  them 
being  hydraulic. 

In  the  Silurian  group  {which  includes  the  rocks  that  hare  been 
called  Upper  Silurian  and  Lower  Old  Med  Sandstone)  limestones  are 
rare,  and  occur  in  beds  of  small  dimension.  They  have  been 
recorded  in  the  following  places: — At  Croaghmartin,  in  the  Dingle 
promontory,  Co.  Kerry,  are  some  insignificant  arenaceous  lime- 
stones. In  the  Co.  Galway,  at  Salrock,  Derreennasliggaun,  and 
Leenaun,  there  are  small  subordinate  masses  of  limestone,  those  at 
Derreennasliggaun  being  in  part  somewhat  coloured  red.  Farther 
oastward,  pi^y  in  the  counties  Galway  and  Mayo,  are  peculiar 
limestones,  associated  with  the  eruptive  rocks  that  occur  at  the 
base  of  the  ToormcJceady  conglomerate.  These  rocks  are  very 
interesting,  as  they  may  possibly  be  of  the  same  age  as  the  lime- 
stone nortJliward  of  Castlebar,  which,  as  suggested  in  the  previous 
paragraph,  may  be  either  Carboniferous  or  Silurian.  South-east- 
ward of  Louisburgh,  in  S.  W.  Mayo,  there  are  thin  limestones,  in 
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part  Bohistoee  {metamorphic).  In  N.  E.  Mayo,  between  Chailm- 
town  and  Ballaghaderreen,  in  two  plaoes,  there  are  beds  of 
impure  limestone ;  and  in  the  Co.  Tyrone,  between  Smnile-CTO» 
and  Pomeroy,  there  are  three  or  four  beds  of  limestone.  These 
Silurian  limestones  haye  been  utilissed  for  lime,  especially  those  in 
South  Mayo  and  Tyrone.  Hydraulic  limestones  ocour  near  Toiir- 
m&keady. 

Limestones  in  the  Ordoricians  [Cambro  or  Loiter  Silurians)  are 
not  very  uncommon,  haying  been  recorded  in  the  Cos.  Wicklow, 
Wexford,  Waterford,  Qalway,  Mayo,  SKgo,  Donegal,  London- 
derry, and  Tyrone.  All  are  more  or  lees  schistose  {mctamorpkie)^ 
and  usually  are  not  suitable  for  cut-stone  purposes ;  there  are, 
howeyer,  some  stones  in  the  Co.  Donegal,  that  appear  to  belong  to 
this  group,  which  have  produced  excellent  work.  All  the» 
limestones  are  more  or  less  utilized  for  lime,  some  of  them  being 
hydraulic. 

Limestones  of  Cambrian  age  are  found  in  Galway,  and 
probably  in  Donegal.  There  are  also  limestones  in  the  Cos- 
Londonderry,  Tyrone,  Sligo,  and  Mayo,  in  rooks  that  may  be 
metamorphosed  Cambrians ;  but  the  age  of  these  rocks  has  not 
been  satisfactorily  determined.  These  are  all  more  or  less  meta- 
morphosed, Bome  also  being  chemically  changed  into  Serpentine. 
They  are  not  in  general  good  for  cut-stone  purposes,  but  beds  bofli 
in  Galway  and  Donegal  haye  been  worked,  and  found  to  diess 
well ;  while  some  haye  also  been  worked  as  marble.  The  green 
and  yariegated  Serpentines  of  West  Qalway  haye  been  worked  for 
marble,  and  are  well  known  in  the  market.  The  more  geneial 
purpose  for  which  the  Cambrian  limestones  are  quarried  is  the 
manufacture  of  lime. 

Lime. — As  a  general  rule  Irish  limestones  are  suitable  fortbe 
production  of  lime,  some  of  them  being  eminently  so.  The  prin- 
cipal exceptions  are  found  in  the  Calp,  some  beds  in  which  are  so 
arenaceous,  or  argillaceous,  that  they  are  rather  sandstones,  or 
shales,  than  limestones.  Some  of  these  will  not  bum  at  all ;  others 
only  with  great  care. 

The  richest  limes  are  produced  by  the  White  and  Fenestella 
limestones,  some,  indeed,  being  too  rich  for  sound  building  piu^ 
poses,  unless  they  are  properly  mixed  with  day  and  sand.  Tha 
limes  are  almost  inyariably  of  a  good  white  colour. 
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The  major  portion  of  the  other  limestones,  as  a  rule,  give- 
more  or  less  dark-coloured  limes ;  while  some  from  the  metamor- 
phio  limestones,  especially  those  of  Ulster,  are  so  dark  as  to  appear 
more  like  hrick-dust  than  lime;  in  general,  however,  they  are 
good  strong  limes.  Most  of  those  from  the  rocks  of  Carboniferous 
age  give  a  good  return,  but  the  returns  from  the  Metamorphio 
rooks  are  usually  below  the  average. 

The  strength  and  durability  of  lime  made  from  some  of  these- 
limestones  are  shown  in  ancient,  and  even  modem  structures.  In. 
various  places,  in  the  ruins  of  the  ancient  castles  and  other  build- 
ings, it  oan  be  seen  that  as  the  buildings  came  to  be  demolished,  the- 
mortar  proved  stronger  than  the  stone.  This  is  well  exemplified 
in  the  old  castle  in  the  Flats  of  the  Shannon,  near  Clonmacnoise^ 
which  was  built  on  an  artificial  clay  mound.  When  the  Shannon 
cut  away  the  clay  foundation  the  castle  fell  in  masses,  the  weight 
of  the  latter  breaking  through  the  stones,  while  the  mortar  re- 
mained imbroken.  The  Roimd  Tower,  Kilmacduagh,  Co.  Galway,. 
leans  over  considerably  out  of  the  perpendicular,  and  has  not 
given  way,  although  some  years  ago  it  was  struck  by  lightning,, 
and  cracked  at  the  top.  A  modem  example  of  good  work  was  the 
garden  waU  at  Cowper's  Hill,  Queen's  Co.,  built  some  hundred 
years  ago.  This  had  to  be  removed,  but  as  both  the  bricks  and 
mortar  were  of  such  excellent  qualities,  that  the  wall  could  not  be 
pulled  down  without  great  expense  and  labour,  it  was  cut  into 
junks,  and  moved  to  its  new  site. 

As  stated,  in  some  places  the  limestones  are  hydraulic.  These 
were  used  in  various  waterworks,  constructed  some  years  ago,  the 
localities  for  the  different  stones  being  then  known ;  a  list  was 
drawn  up  some  thirty  years  ago  by  GriflBth,  but  it  was  never 
published,  and  now  it  seems  to  be  lost.' 

The  localities  at  present  known  for  hydraulic  limestones  will 
be  given  in  their  respective  counties ;  but  these  will  not  embrace 
all  that  really  exist,  as  the  published  records  are  scant. 

The  natural  cements  are  not  of  the  same  value  now  as  they 
were  formerly;  for,  as  Wilkinson  and  General  H.  Y.  D.  Scott,  R.  E. 


^  The  late  Mr.  John  Byron  informed  ub  it  was,  he  belieyed,  destroyed  by  Griffith^ 
who  ooDBidered  it  useless,  as  **  natural  cements"  (made  from  hydraulic  limestone)  had 
been  superseded  by  artificial  cements. 
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(Proc.  Inst  Irish  C.  E.y  Msj,  1880],  have  pointed  out,  they  giTe 
uncertain  results,  one  portion  of  a  bed,  or  aocumulation,  being  so 
different  from  those  adjoining.  This  has  in  a  great  measure  led 
to  the  general  use  of  artificial  cements,  which  can  be  made  of  a 
uniform  quality  and  strength.  Consequently,  the  Irish  hydraulic 
limestones  have  been  for  years  almost  entirely  ignored. 

Scott  and  others  have  shown  that  cement  can  be  manufactured 
from  any  limestone  if  the  proper  constituents  be  added.  This, 
however,  requires  considerable  skill  in  manipulation,  which  is  only 
to  be  acquired  in  time  by  careful  observation  on  the  part  of  the 
workers  while  making  the  cement.  The  great  art  in  making 
cement  consists  in  getting  materials  that  can  be  easily  and  cheaply 
associated,  so  as  at  the  same  time  to  produce  a  good  aitiole. 
Various  attempts  have  been  made  in  Ireland,  and  although  ac 
.good  as  that  imported,  if  not  better,  has  been  made,  yet  the  results 
pecuniarily  have  not  been  very  satisfactory. 

There  are,  however,  some  clays  in  Ireland  that  might  possiUj 
.give  good  results.  Near  Ballynamona,  west  of  Cong,  Co.  Gralway, 
there  is  a  clay  that  was  successfully  used  in  the  manufacture  of 
cement  for  the  waterworks  at  Ashford,  Cong  (OeoL  Surv.  MemX 
Again,  the  violet-coloured  lithomarge  found  in  the  ^'Iron  Mea- 
sures," Co.  Antrim,  seems  to  have  qualities  identical  with  those 
of  the  Pozzuolana  of  the  Bay  of  Naples.  It  has  not,  however, 
yet  been  experimented  on.  There  are  the  muds  of  some  of  the 
estuaries  which  ought  to  contain  the  ingredients  necessary  for 
cement,  if  lime  were  added  to  them,  or,  perhaps,  in  some  cases 
«ven  without  the  latter.  These  also,  however,  have  not  as  yet 
been  tried,  except  some  in  the  estuary  of  the  Slaney,  Co.  Wexford, 
which  are  now  being  employed  in  the  manufacture  of  a  first-daas 
•cement  at  Diinagh,  south  of  Wexford. 

Planter  of  Paris, — In  connexion  with  the  rocks  of  Triassio  age^ 
no  limestones,  except  the  supposed  Permian  dolomytes,^  have  been 
found,  but  in  some  places  there  are  accumulations  and  beds  of 
gypsum.  At  Derrynasrobe  and  Knocknacran,  near  Carrickmacross, 
Co.  Monaghan,  there  is  a  thick  accumulation,  which  has  been  proved 
for  a  depth  of  60  feet.     Plaster  of  Paris  was  manufactured  in  this 


>  The  dolomyte,  with  Permian  fouUe,  at  the  Annaghone  Colliery,  Oo.-Tyroiiey 
occurs  in  intimate  connexion  with  the  Trias. 
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neighbourhood,  but  the  works  were  accidentally  burnt  down  a  few 
years  prior  to  1870,  and  since  then  the  manufacture  has  not 
been  resumed.  Gypsum  has  been  found  associated  with  salt  near 
Carrickf ergus ;  also  in  the  valley  of  the  Lagan,  Co.  Antrim. 
Dr.  Ruttey,  in  his  Natural  History  of  Dublin^  mentions  it  as 
occurring  at  Multikartan,  near  Lisbum,  and  it  has  also  been 
found  at  Goagh,  Co.  Tyrone. 

The  variety  called  alabaster,  suitable  for  architectural  and  orna- 
mental purposes,  is  not  recorded  as  having  been  found. 


MARBLES. 

The  Irish  marbles  are  not  only  very  varied,  but  some  of  them 
are  handsome,  and  even  beautiful.  They  occur  among  the  Carbo- 
niferous limestone  and  the  Metamorphic  rocks,  the  latter  being  of 
Ordovician  and  Cambrian  ages.  For  the  most  part  they  are  lime- 
stone; but  some  are  more  or  less  chemically  changed,  and  are 
known  under  the  general  name  of  Serpentine.  The  latter  name, 
however,  not  only  includes  the  altered  limestones  and  dolomytes, 
but  also  certain  altered  volcanic  rocks.  The  metamorphosed  lime- 
stones and  allied  rocks  will  be  more  specially  mentioned  here- 
after. 

CARBONIFEROUS. 

The  limestones  of  Carboniferous  age  capable  of  being  worked 
as  marble  occur  in  various  shades  of  red,  black,  grey,  and  other 
colours.  The  red  varieties  of  limestones  are  rarely  of  one  uniform 
colour,  being  usually  more  or  less  clouded  or  variegated.  Some  of 
these  are  beautifully  and  fantastically  marked  in  lines  or  clouded 
tints  of  grey,  white,  purple,  green,  and  yellow,  and  deserve  to  be 
much  more  generally  known  than  they  are  at  present.  Some  of 
the  black  limestones  are  world-famed,  and  cannot  be  surpassed  for 
blackness,  or  for  the  beauty  of  the  stone ;  while  others  are  more  or 
less  mottled  or  spotted  with  white,  generally  ovring  to  the  presence 
of  fossils.  The  grey  tints  graduate  from  dark  to  almost  white^ 
being,  often  more  or  less  clouded  with  darker  shades,  and  also- 
with  purple,  changing  them  into  dove-colour. 
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BED  and  VABTEGATED  MAKBTiEfl. 

[Red  and  tariboatbd  stones  are  recorded,  and  liave  been  worked  more  or  lees  in 
the  Cos.  of  Armngh,  Clare,  Cork,  Dublin,  Kerry,  Kildare,  Limerick,  Longford,  and 
Tipperary,  those  that  have  been  principally  worked  occumng  ^in  the  Cos.  Armagh, 
Cork,  and  Limerick.] 

Armagh. 

The  marble  quarry  at  Armagh  was  at  one  time  very  extensiTely 
worked  both  for  building  stones  and  marble.  In  the  principal  bed 
the  colour  was  a  pinkish-grey,  which,  when  polished,  was  of  s 
warm  yellow  colour.  From  this  bed  large  blocks  suitable  for 
columns  were  procured ;  and  associated  with  it  were  reddish  beds, 
alternating  with  whitish.  These  were  quarried  for  the  purpose  of 
being  wrought  into  chimney-pieces  and  other  ornamented  work. 
The  rocks  formerly  raised  seem  to  have  been  better  than  those  at 
present  obtained ;  or  else  tastes  may  have  changed,  as  now  the 
rocks  are  considered  light  in  colour  and  imsatisfactory,  and  their 
place  has  been  taken  by  the  Cork  and  Belgian  "  reds." 

At  the  present  time  {Qeol.  Sur.  Mem.)  there  are  four  separate 
series  of  marble — (1)  Uppermost  are  ten  feet  in  thickness  of  vari- 
egated bluish-red  stone,  in  beds  from  one  to  three  feet  thick; 
(2)  A  little  below  these  is  the  white  marble,  a  pale,  crystalline  rock, 
forming  a  bed  three  feet  thick ;  (3)  Two  feet  under  the  latter  is 
the  shell  marble,  a  fossilif erous  bed,  of  about  one  foot  in  thickness, 
of  a  purplish-brown  colour,  variegated  with  green  and  yellow,  while 
nine  inches  lower  is — (4)  the  thrush  marble,  consisting  of  ten  feet  in 
thickness  of  a  mottled-purplish  rock,  marked  somewhat  like  the 
breast  of  a  thrush. 

Glare. 

To  the  south  of  the  Ck>.  Clare,  a  little  east  of  the  Fergus 
between  Newmarket  and  the  Shannon,  there  are  beds  in  the 
FenesteUa  limestone  which  have  been  worked  as  marble,  and  were 
used  for  ornamental  purposes  in  Adare  Manor,  Co.  limeriok,  and 
elsewhere.  The  stones  are  red,  red  douded  with  grey,  and 
grey  clouded  with  red.  They  do  not  rise  in  well-shaped  blocks, 
but  good-sized  stones  may  be  raised  which  can  be  soabbled  into 
blocks  of  fair  dimensions. 
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Cork. 

The  best  Irish  ''reds"  in  the  market  at  the  present  time  are 
procured  in  this  county.  They  have  been  worked  at  Boreen- 
managh,  Churchtown,  and  Little  Island,  near  Cork;  Johnstown 
near  Fermoy,  Midleton,  and  near  Butteyant.  These  marbles  are 
well  known,  and  have  been  extensively  used.  They  vary  in  colour, 
from  a  red,  like  jasper,  to  streaked  and  variegated.  All  except 
those  at  Boreenmanagh,  Johnstown,  and  Afidleton,  are  of  one 
type,  known  in  the  market  as  ''Cork  reds."  At  Midleton  the 
jitone  varies  from  a  warm  dove*colour  to  a  rich  variegated  marble, 
while  those  at  Boreenmanagh  and  Johnstown  are  semi-transparent, 
mottled,  or  clouded  with  white  and  grey. 

These  stones  have  been  used  in  the  following  instances,  among 
others: — The  Little  Island  "red,"  in  the  Liverpool  Exchange, 
the  Manchester  Exchange ;  Miiseum,  Oxford ;  St.  John's  College 
Cambridge,  &c.  The  Fermoy  "  red,"  in  the  Cathedral,  Queens- 
town  ;  Boman  Catholic  Church,  Thomas-street,  Dublin,  &c. 

The  Midleton  stone  has  only  lately  been  known,  but  it  has 
rapidly  taken  a  place.  It  is  more  properly  a  clouded  grey  than  a 
true  red.  It  has  been  used,  among  other  places,  in  the  Manchester 
Exchange;  St.  Mary's  Church,  Bradford,  &c. 

Cork  "  reds  "  have  also  been  used  in  the  Town  Hall,  Rochdale ; 
Miss  Bottomley's,  Bradford;  St.  Mary's,  Abbots,  Kensington; 
St.  Pancras  Hotel  and  Station,  &c. 

Dublin. 

In  this  county,  at  Johnstown,  there  is  a  red  stone  which  was 
tried,  but  it  seems  not  to  have  been  much  approved  of,  and  has 
now  ceased  to  be  spoken  of. 

Kerry. 

Near  Killamey  there  is  a  striped  red-and- white  stone  which  has 
been  worked  a  little,  but  unsatisfactorily.  In  other  places  in  the 
county  there  are  reddish  and  pinkish  stones  on  which  trials  have 
been  made,  but  as  yet  no  good  profitable  stone  haa  been  founds 
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ElM>ARB. 

At  Gelbridge  ib  a  stone  leoorded  hj  Sir  B.  Eane,  but  it  do» 
not  appear  to  have  been  worked  to  any  extent,  and  its  existenoe  i» 
generally  now  ignored. 

LiMKRICK. 

fied  marbles  ("reds")  have  been  more  worked  in  this  cowij 
than  in  any  other  exoept  the  Co.  Cork.  This  may  possibly  be  doe 
to  the  action  of  the  late  Earl  of  Dunraven,  who,  during  the  erection 
of  Adare  Manor,  seems  to  have  searched  the  counties  Limerick  anl 
Glare  for  "  reds,"  specimens  of  which  can  be  seen  in  different  ^^ 
tions  of  the  edifice,  some  having  been  used  in  outside  work,  wUle 
most  of  them  are  represented  in  the  chimney-pieces  and  in  ontfr 
mental  slabs  used  for  decoration. 

In  general  the  "  Limerick  reds  "  are  dear-coloured,  yaryiDg 
from  shady  or  coloured  red  to  variegated,  with  grey,  green,  yellow 
and  other  tinges ;  this,  however,  is  not  the  case  in  the  Pallaskemy 
rook,  which  is  of  the  type  known  as  the  "  Cork  reds."  This  roek 
was  extensively  used  by  Lord  Clarina  when  building  his  new 
mansion,  and  by  Lord  Dunraven  at  Adare  Manor. 

At  Clorhane,  two  and  a-half  miles  north  of  Adare,  half  a  mile 
west  of  Stone  Hall,  inunediately  west  and  north-west  of  the  old 
ohurch,  also  half  a  mile  to  the  west,  and  half  a  mile  to  the  south- 
west of  the  new  church,  are  quarries  which  were  open  and  worked 
during  the  erection  of  Adare  Manor.  In  these  places,  except  at 
Clorhane,  the  works  were  of  small  extent,  only  a  few  blocks  being 
removed  to  be  worked  into  slabs  for  chimney-pieces.  At  Clorhane, 
however,  all  the  "  red "  was  taken  away,  but  some  years  after- 
wards the  grey  stone  below  began  to  assume  the  red  colour. 

Other  places  in  this  county,  in  which  red  rooks  are  recorded, 
are,  a  little  east  of  the  ruins  of  the  ancient  church,  to  the  N.  £•  of 
Clorhane  Bridge,  and  in  the  railway  cutting  south  of  Askeaton,  ft 
pinkish-greyish  stone,  in  places  yellowish,  was  used  for  the  beauti- 
ful pillars  of  the  cloisters  of  Askeaton  Abbey,  built  by  the  Earls  of 
Desmond  (Q-eraldines)  in  the  fourteenth  or  fifteenth  century.  Tbe 
exact  places  where  this  stone  was  procured  is  now  unknown,  but  it 
evidently  came  from  some  plaoe  in  the  neighbourhood. 
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Longford. 

Near  Ballymahoiiy  brown  red  and  mottled-grey  stoneB  were 
formerlj  worked  {Kane). 

TiPPERART. 

Near  Dnnkerrin  are  recorded  stones  of  red  to  purplish  ooloor, 
veined  with  yellow  [Kane) ;  but  no  extensive  works  seem  to  have 
been  carried  on.  Different  marbles  appear  to  have  been  sought 
after  in  this  county  during  the  time  the  marble  works  at  !EiUaloe 
were  in  full  work. 

BLACK  ICABBLES. 

[BUek  MarbUt  have  been  worked,  or  have  been  found,  in  the  Cos.  Oarlow, 
Donegal  (P),  Fermanagh,  Galway,  Eeny,  Kilkenny,  Limerick^  Mayo,  Monaghan, 
Sligo,  Tipperary,  and  Waterford.] 

The  black  marbles  of  Kilkenny  are  historic.  Although  we 
have  in  very  ancient  structures,  such  as  those  of  Askeaton,  Co. 
limerick,  and  Clonmacnoise,  King's  County,  examples  of  veiy 
ancient  marble,  yet  the  first  written  record  of  Irish  marbles  seemc^ 
to  be  that  of  Qerrard  Boate,  written  in  1652. 

The  Irish  black  marbles  were  at  one  time  in  great  request, 
quarries  in  various  counties  being  worked  in  a  great  measure  for 
exportation  to  England  and  elsewhere.  The  black  varieties  were 
principally  in  demand,  but  also  the  black  speckled  or  marked  with 
white.  The  pure  black  marbles  were  chiefly  required  for  monu- 
mental purposes,  but  not  always,  as  a  considerable  quantity  of  the 
Angliham  stone,  Co.  Qalway,was  exported  to  London  for  the  Duke 
of  Hamilton's  staircase,  in  his  mansion  in  Scotland.  Although 
in  later  years  the  best  "  blacks"  were  most  in  requisition,  yet  the 
black  mottled  or  spotted  with  white,  like  the  famous  Kilkenny 
marble,  which  got  the  Irish  marbles  a  name,  were  much  sought 
after;  and  also  inferior  "blacks,"  the  latter  being  required  for 
local  trade  in  tombstones  and  such  like.  Now  the  trade  in  "  blacks" 
is  very  low,  none  but  the  best,  which  have  an  extensive  sale,  being 
much  looked  for.  The  black-and-white  are  not  now  in  much 
requisition ;  while  the  fashion  in  tombstones  of  late  years  has  so 
changed,  that  inferior  "  blacks"  have  now  no  place  in  the  general 
market.    For  these  reasons,  combined  with  the  gradual  depression 
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in  trade,  only  a  few  out  of  the  great  number  of  quarries  at  one 
time  in  work  are  now  profitable.  The  best  *'  Uaoks"  only  will  le 
reoeiyed  in  the  London  market :  formerly  there  was  a  competition 
lor  them  between  it  and  the  American  market. 

Carlow. 

In  the  town  of  Carlow  two  quarries  were  formerly  worked,  one 
at  Montgomery-street,  and  the  other  in  the  townland  of  Grossneor, 
the  latter  being  in  the  suburb  called  Graigue,  west  of  the  riier 
BaiTOW,  in  the  Queen's  County.  In  the  Montgomery-street  qiuui; 
there  were  four  beds,  7  inches,  2  feet,  3  feet,  and  18  inches  tld(^ 
the  thin  beds  giving  the  best  marble.  In  the  Graigue  quarry  there 
was  5  feet  in  thickness  of  a  stone,  that  was  worked  for  tombstones, 
and  sent  to  the  Dublin  and  Waterford  markets ;  and  under  itvere 
nearly  2  feet  of  superior  black  stone.  In  the  Carlow  quaiiy,  tk 
limestone  over  the  18-inoh  bed  could  also  be  used  for  work  of  a 
similar  nature.  Carlow  was  once  famous  for  its  tombstones,  and 
at  the  present  time  the  trade  is  still  carried  on,  yery  credLtaUe 
work  being  sent  out  from  the  stonecutters'  yards ;  but  it  has  sadlj 
fallen  off  from  what  it  once  was ;  this  being,  in  a  great  measue, 
due  to  the  fact  that  sandstone  monuments  are  now  most  in 
requisition. 

Scyal  Oaks. — A  little  more  than  a  mile  west  of  Bagnalstown 
there  is  a  large  quarry,  in  which  marble  was  procured ;  and  a 
second  further  north,  nearly  a  mile  south-west  of  EiUinane  Hooae. 
In  both  these  places  stones  for  black  marble  were,  in  time  paai, 
extensively  worked,  some  being  fit  for  the  London  trade. 

Ballynahrannagh^  northward  of  MQford. — ^A  good  black  maxUe 
was  formerly  procured  in  this  quarry. 

Chgrenan. — ^There  is  here  a  quany  in  limestone,  inmiediately 
under  the  ooal-measures.  One  bed  is  a  good  black,  partly  spotted 
with  white.  It  has  not  been  very  eztensiyely  used.  The  colomna 
in  the  hall  at  Glogrenan  House  were  out  out  of  this  stone. 

DONBGAL. 

As  mentioned  by  Eane,  in  his  Industrial  Besaurees  of  Irekmif 
there  is  in  Kintals^  to  the  north  of  Ra.f.bmn11<yn^  a  black  bed  d 
imestone  that  has  been  worked  as  a  marble.  It,  howeTar,  is  of 
such  small  dimensions  as  not  to  be  of  commercial  value. 
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Fermanagh. 

Carriekreagh^  five^miles  from  Enniskillen. — ^Not  a  very  good 
hhuokj  but  takes  a  good^ polish;  has  been  used  greatly  for  tomb- 
stones. At  yariouB  other  places  there  are  blackish  stones,  that 
have  been  locally  used,  but  none  of  those  known  are  of  good  or 
«yen  fair  quality  as  black  marbles. 

Galwat. 

The  premier  black  limestones  are  now  supplied  from  this 
county. 

Angliham  and  Menhugh. — ^The  marbles  from  these  quarries, 
which  are  situated  three  miles  north  of  Ghdway,  are  world-famed, 
and  include  some  of  the  best,  if  not  the  best,  examples  of  black 
marble  ever  known.  These  were  at  one  time  extensively  exported 
to  London  and  America,*]the  stone  from  one  bed  being  all  kept  for 
the  London  market,  from  which  it  has  receiyed  the  name  of  the 
London  bed.  Wilkinson,  when  writing  of  these  quarries  in  1845, 
pointed  out  that,  on  account  of  the  eastern  dip  of  the  strata,  the 
head  oyer  the  marble  beds  was  gradually  increasing,  while  the 
floor  of  the  quarry  was  becoming  of  an  inconyenient  depth  below 
Lough  Corrib,  both  of^hich  circumstances  were  gradually  adding 
greatly  to  expenses  incurred  in  removing  the  superfluous  stone, 
and  in  keeping  the  quarry  dry.  In  1868  there  were  40  feet  of 
clearing  over  the  marble  beds.  At  that  time,  in  the  Menlough 
quarry,  there  were  two  good  beds,  one  13  and  the  other  15  inches 
thick,  below  flaggy  beds,  used  for  tombstones.  At  the  same  time, 
in  the  Angliham  quarry  there  were  three  beds,  the  Thiny  9  inches 
thick ;  the  London^  12  inches ;  and  the  Double^  14  inches.  The 
Thin  bed  was  the  purest  marble,  while  the  12-inch  got  its  name 
from  being  kept  solely  for  the  London  market,  preference  being 
given  to  it  on  account  of  its  capability  of  being  cut  most  economi- 
cally. The  principal  markets  were  London,  Liverpool,  Bristol, 
and  Q-lasgow.  At  the  present  time  the  clearing  and  pumping 
have  greatly  inarea8ed,|which  adds  much  to  the  cost  of  getting  the 
stone* 

Merlin  Park,  About  two  mQes  S.  E.  of  Galway. — ^In  this 
quarry  two  sets  of  beds  were  formerly  extensively  worked  by  the 

2Da 
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BUkmatUmOk^uk,  tm  about  the  year  1850,  after  wUoh  it  lay 
idk  tin  witbin  the  Imd  few  jmn^  whan,  it  came  into  the  handB  of 
the  Mean.  SibtiKspes  of  DoUin,  who  hare  ainoe  worked  it,  the 
stOBe  being  Terj  good,  equal  to  the  stone  horn  the  Anglihamquany. 
Qmte  leeently,  on  anking  below  the  floor  of  the  old  qnaiiy,  otiier 
bla^  beds  hare  been  foond,  irfiidi  appear  to  he  of  saperior  quality; 
hot  as  yet  Tery  little  oan  he  said  about  them,  as  the  sarface  has  fltin 
to  be  deaied  off.  In  the  qnany  there  is  a  oleaiing  of  ahout  25 
Ceet  of  nxk^  the  upper  17  feet  being  loose.  Under  this  are  thre» 
beds  of  marUe,  6,  11,  and  15  inches,  the  two  lower  sometiiDei 
fonning  one,  about  2  feet  2  inches  thick.  Below  the  upper  marble 
axe  abcot  10  feet  of  black  limestone  that  lie  on  three  marble  beds^ 
12, 15,  and  12  indies  thidc,  while  ctill  lower  are  the  new  beds. 

In  Chriteraghy  north  of  the  Glebe-honse,  and  a  mile  E.  S.  E. 
of  Oughterard,  there  is  a  &ir  Uaek  stone  that  was  formerly  worked 
by  the  Ifartins  of  Ballynahinch.  It  can  be  raised  in  yery  large 
blocks,  bat  at  the  present  time  the  stone  ia  not  faTOurably  receiTsi 
The  old  scabbled  blocks  stiU  lie  there,  the  qnany  not  having  been 
WQiked  since  the  Martins'  time. 

Creggs. — ^Between  the  last  place  and  Oughterard  there  is  a  bed 
of  Uack  marble,  qM>tted  with  white,  which  has  not  been  used 
except  yeiy  locally.  It  is  capable  of  being  raised  in  large  sizes, 
and  of  taking  a  good  polish.  A  slab  10  feet  by  over  5  feet  was 
used  for  the  landing  at  Lemonfield  hall-door. 

Kbkrt. 

Good  marbles  were  formerly  obtained  at  Ballinageragh^  fiv^ 
miles  west  of  lastowel,  and  also  near  Tralee.  In  recent  yean 
trials  have  been  made  in  these  places,  and  elsewhere,  but  none  of 
the  stones  were  considered  suitable  for  the  present  demand.  The 
Kerry  stone  in  general  is  more  or  less  spotted  with  white,  some  of 
it  being  variegated. 

Kilkenny. 

Near  Archer's  Grove,  and  about  half  a  mile  south-east  of  the 
town,  is  the  historical  Black  Quarty^  with  which  has  been  connected 
the  name  of  CoUes  for  the  better  part  of  two  centuries.  Dr.  Ger- 
zard  Boate,  writing  in  1652,  mentions  :—**  Besides  the  freestones 
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^hioh  is  in  eveiy  paxt  of  the  land,  there  is  marble  found  in  many 
plaoes,  but  more  about  Kilkenny,  where  not  only  many  houses  are 
built  of  the  same,  but  whole  streets  are  paved  with  it.  The  quarry 
out  of  which  they  have  their  marble  at  Eolkenny  is  not  above  a 
quarter  of  a  mile  from  the  town,  and  belongeth  to  nobody  in  parti* 
•oular,  lying  in  oommon  for  all  the  townsmen,  who  at  any  time  may 
fetch  as  much  out  of  it  as  seemeth  good  unto  them  without  paying 

•anything  for  it This  marble,  while  it  is  rude  as  it  oometh 

out  of  the  ground,  looketh  greyish,  but  being  polished,  it  getteth  a 
fine  brownish  colour,  drawing  somewhat  toward  the  black." 

Boate  does  not  appear  to  be  quite  correct  in  saying  it  was  free, 
as  it  would  appear  to  have  been  for  years  the  subject  of  a  suit  in 
dhancery,  between  the  families  of  Jacob  and  Minchin,  from  both  of 
whom  Alderman  William  CoUes  took  leases  in  1737,  having  a  few 
years  previously  (about  1730)  invented  machinery,  worked  by 
water-power,  for  cutting,  polishing,  and  boring  the  marble ;  and 
since  that  time  his  descendants  have  had  the  sole  use  of  it.  Alder- 
man Colles'  works  are  mentioned  in  a  Tour  in  Ireland^  by  two 
English  gentlemen,  a.  d.  1748,  and  in  Tighe's  StcUistical  Survey  of 
Kilkenny  J  published  1802 ;  while  we  learn  from  a  recent  inquiry 
instituted  by  Professor  Henry,  M.  Seely,  Middleburg,  Vt.  U.  S.  A., 
and  published  by  the  Middleburg  EListorical  Society,  that  Colles 
was  the  first  to  apply  water  power  for  the  polishing  and  boring 
of  marble,  using  it  for  cutting  being  in  part  a  re-invention,  as 
in  the  fourth  century  of  the  Christian  era  stones  had  been  sawn 
by  water-power  on  the  river  Boon  in  Germany. 

The  Kilkenny  marble  quarry  proper,  the  "  Black  Quarry,"  is 
dose  to  the  river,  near  Archer's  Gbove,  and  about  half  a  mile  S.  E. 
of  the  town ;  this  is  supposed  to  be  the  quarry  mentioned  by  Boate, 
and  has  been  worked  for  at  least  a  century  and  a-half  by  the 
CoUeses,  the  great-great-grandfather  of  the  present  proprietor 
liaving  been  the  foimder  of  the  Kilkenny  marble  works  for  the 
manu&cture  of  chimney-pieces,  picture  frames,  tables,  and  various 
other  articles,  by  water-power. 

In  this  quarry  there  are  three  varieties:  sheUy  blacky  pure  blacky 
and  dark-grey.  The  shelly  black  is  par  excellence  <^  Kilkenny 
marble,''  the  black,  with  white  shells,  being  world-famed  under 
that  name;  and  in  connexion  with  it  was  the  curious  general 
belief,  that  the  stones  when  first  procured  are  perfectly  black,  the 
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white  fihellfl  appearing  subsequently,  being  graduallj  developed 
when  the  marble  is  subjected  to  heat.  But  Mr.  CoUes  states  thia 
is  a  fiillaoy,  as  he  has  never  known  a  oasetin  whioh  this  oocuned^ 
and  the  fossils  are  always  to  be  seen  from  the  first. 

The  pure  blaok  is  hard  and  fine-grained,  »id  makes  good 
slabs,  a  yeiy  fine  one  being  in  O'Connell's  tomb,  Glasnevin, 
Dublin* 

At  Sion  Hill,  opposite,  on  the  east  of  the  river  Nore,  marUe 
was  formerly  raised,  but  not  of  as  good  a  quality  as  in  the  Black 
Uuany,  and  has  not  been  worked  for  thirty  or  forty  years,  the 
quarry  being  now  closed  up. 

At  Butler's  Grove,  near  Monefelim,  north-north-west  of  Gore's 
Bridge,  there  is  a  very  pure  black  marble,  which  at  the  present 
time  is  worked  at  the  Kilkenny  works,  while  formerly  it  was  in 
great  request. 

West  of  Thomastown  is  a  black  stone,  but  not  of  good  quality ; 
it  was,  however,  formerly  much  used  for  tombstones,  the  heavy 
clearing  over  it  being  burnt  into  Ume  on  the  spot,  and  sold  for 
farming  purposes;  but  since  the  demandjffor  lime  fell  off  the 
quarries,  like  many  others,  are  nearly^icHe. 

Limerick. 

Good  ^'blacks"  were  also  formerly  procured  in  this  oounly^ 
they  being  wrought  in  the  quarries,  and  at  the  Marble  Works, 
Killaloe,  on  the  Shannon,  while  the  best  were  exported  to  London. 
There  appears  to  have  been  beds  of  different  qualities,  the  most 
valuable  being  those  which  were  of  even  texture  and  free  from 
silex,  as  the  presence  of  the  latter  not  only  made  them  hard  and 
costly  to  work,  but  also  less  capable  of  receiving  a  polish. 

At  Thomond's  Gate,  Limerick,  a  quarry|was  formerly  largely 
worked,  the  famous  **  Broken  Treaty  Stone"  being  a  rough  Uock 
from  it.  Under  the  present  railway  station  there  was  a  laj^  quany, 
the  lowest  bed  being  an  excellent  black  stone  fit  for  the  London 
market,  and  which  was  worked  up  to  about  the  year  1830.  Over 
two  miles  from  Limerick,  at  Ballysimon,  there  were  stones  of 
excellent  quality,  some  of  the  best  of  which  were  sent  to  Ix>ndon. 
The  beds  varied  from  7  inches  to  4  feet,  and  6  feet  in  thickness,. 
tlie  premier  bed  being  one  12  inches  thick. 
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Black  marble  was  also  prooored  at  Banks'  quany  and  Carej's- 
load;  and  when  the  railway  was  being  made  from  Limerick  to 
FoyneSy  black  marbles  were  cut  at  about  half-way  between 
St.  Patrick's  Well  and  Adare ;  also  near  the  margin  of  the 
marsh  between  Adare  and  Bathkeale. 

Mayo. 

In  Partry  there  is  a  superior  stone,  .but  in  so  small  a  quantity 
that  it  does  not  appear  worth  quarrying.  There  is  also  a  fair 
stone  near  Gastlebar,  which  at  present  has  only  been  partially 
tried. 

MONAGHAK. 

There  is  a  fair  black  stone,  near  Glasslough,  which  appears  to 
have  been  locally  used,  but  which  is  not  generally  known. 

Sligo. 

In  this  county  black  stones,  capable  of  receiving  a  fair,  good 
polish,  have  been  procured  in  different  places,  but  they  appear  to 
have  been  prindpsdly  utilized  for  tombstones. 

TiFFERART. 

Near  Dunkerrin,  near  Portimma  Bridge,  and  at  Castle  Bri^s, 
on  the  Shannon,  beds  of  marble  were  formerly  worked.  Stones 
from  the  second  and  third  localities,  were  sent  by  water  to  the 
£illaloe  Marble  Works,  but  they  are  not  now  worked. 

Watbrford. 

Black  marbles,  which  were  locally  used,  are  said  to  haye  been 
piocnred  at  places  in  the  limestones  between  lismore  and  Dun- 
garvan. 
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OBEY  WTAKBT^Kg. 

[Ortff  marhU%  are  recorded  from  the  following  oountiei :— Armagh,  Carlow,  Coik, 
Oalway,  Keiry,  Kflkenny,  King's  Co.,  limerick,  Longford,  Tipperary,  Waterford, 
and  Westmeath.  They  might  he  procured  in  different  other  places  if  there  was  a 
demand  for  them,  hut  only  those  with  peculiarities  are  much  sought  after.  Many  of 
the  so-called  reds  are  more  properly  clouded  greys.] 

Armagh. 
In  the  famouB  quarry  for  ^'  reds,"  the  so-called  *^ white  marble" 
is  a  very  light,  whitish  grey. 

Caklow. 
In  the  Clogrenan  quarry  there  is  a  crinoidal,  fossiliferoiis 
stone,  somewhat  like  the  famed  Clonmacnoise  stone,  in  the  King's 
County. 

Cork. 

The  stone  at  Midleton,  although  in  general  classed  as  one  of 
the  *'^  reds,"  is  more  properly  a  variegated  or  clouded  grey. 

Galway. 

At  Angliham,  three  miles  north  of  Ghilway,  one  of  the  beds 
worked  in  the  "Black  Marble  Quarry"  is  a  dark-grey.  Near 
Angliham,  in  Tenylaw,  to  the  N.  N.  W.  of  Mr.  Carter's  house, 
there  is  a  handsome  grey  spotted  and  speckled  stone.  This  has 
not  been  worked  as  a  marble,  but  a  polished  specimen  is  in  the 
Museum,  Queen's  College,  Calway. 

About  three  miles  from  Ballinasloe  is  a  superior  dark-grey 
stone,  capable  of  being  raised  in  very  large  blocks  and  of  receiving 
a  fine  polish.  It  was  extensively  used  in  Lady  Burdett  Coutts' 
markets,  London,  at  East  Ghrinstead,  Covent,  Chester,  &c. 

Various  grey  stones  of  the  Burren  iype,  in  other  places  in  this 
coimty,  are  suitable  for  marble,  if  there  was  a  demand  for  "  greys." 

Kerry. 
In  this  county  trials  have  been  made  on  "  greys,"  which  have 
been  found  very  good ;  but  on  account  of  their  distances  from  the 
market,  and  from  the  fact  that  stones  of  this  colour  are  not  much 
in  request,  they  have  not  been  utilised,  except  locally.  In  colour 
they  vary  from  a  clouded  light  tint,  or  nearly  white,  to  dark  and 
blackish. 
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Ejlkbnnt. 

One  of  the  beds  worked  in  the  '^  Blaok  Qiiany/'  Kilkennj,  is 
s  dark  grey.  In  the  Ballykilaboy  quarry,  about  four  miles  from 
Waterford,  there  is  a  superior  stone,  capable  of  being  raised  in 
vezy  large  blocks,  17  feet  by  5  feet,  and  2  feet  thicL 

King's  County. 

At  the  Ballyduff  quarry,  near  Tullamore,  there  is  a  veiy 
superior  stone,  of  grey  colour,  graduating  into  a  wan  doye-colour. 
This  has  been  yeiy  extensively  used  in  the  locality  for  chimney- 
pieces  and  ornamental  slabs.  It  is  a  beautifully  clouded  stone  in 
places,  and  seems  well  worthy  of  more  public  notice  than  it  has  as 
yet  received. 

Near  the  Seven  Churches,  Clonmacnoise,  are  the  well  known 
fossiliferous  crinoidal  mottled-grey  stones,  formerly  most  exten- 
sively worked  at  the  Killaloe  Marble  Works,  to  which  they  were 
brought  by  water,  and  still  very  much  used  on  account  of  their 
peculiar  appearance. 

Limerick. 

In  this  county,  associated  with  the  '^reds,"  abeady  enume- 
rated, there  are  "  greys,"  except  at  Pallaskenry.  Some  of  these 
reds  are  in  part  clouded,  or  spotted  grey,  or  graduate  into  grey  or 
•dove-colour.  The  beautiful  stone  used  in  the  cloisters  at  Askeaton 
is,  in  general,  a  grey,  some  parts  only  being  clouded  with  red  or 
other  colours. 

Longford. 

At  Ballymahon  a  stone  has  been  raised  which,  when  polished^ 
is  grey,  mottled  with  red  and  brown  {Kane). 

TiFFBRABT. 

Near  Dunkerrin  there  were  various  trials  made  for  marble. 
One  stone  reported,  was  pale-grey  nearly  white ;  and  a  second  a 
purplish-grey,  or  dove-colour  (Kane). 
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S.  "C  :c  ]ia«BB,  tiftare  is  m  Toy  good 
i£  |?^y  fi»L  aiaabiiL  vni  wif^e^    Li  nme  tbero  are  led 

It  WM  mad  extenaiTB^ 
ix  &MUQKd,aiid  other  plioes 


CLau. 

Ai  Cj:mim  Ln^  ^Kte  s  a  fine  baidflla»  or  liaidiglio  marUe^ 
fair  ^  a  "^LXx^-fTfT  sc«:aa.  vith  imigiilar  fine  linea  and  Uotebes 
€C  a  iaek  ^ru.or.  caZjcc  cc'^IlaIIt  from  Bardigiio,  in  Italj,  whflpr 
ie  jrayrpiZy  ciiaMa  ircfla.  aa  p»cted  out  bj  CoUe$. 


Is.  Gja>5cvaB«  »t[itaaid  of  Loogli  Yeagk,  there  is  a  libanded 
S^saa-<i:e:civd  st«:«ie«  bet  so  thin-bedded  as  to  be  valueless  as  a 
Il»  bo««Ter«  takes  a  good  polish. 


Fbbmakagh. 

In  a  hill  betveen  Gbstle  Caldwell  and  BeUeek  is  a  pale-giey 
cnncidal  liincgtone»  with  red  spots  and  oird6S»  due  to  scattered 
trlMvd  itaBi  that  are  stained  with  iron.  A  pillar  of  it  is  in  the 
Mva^  ol  Trinity  OoDege,  DnUin. 
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Kino's  CSo. 

Near  Clonmaonoise,  Wilkinson  records  "  a  beautiful  marble  of 
Sienna  character."  It  is  easily  worked,  and  has  been  frequently 
used  for  ornamental  works,  and  ^'  deserves  to  be  more  generally 
known  than  it  at  present  is."  This  stone,  although  of  Sienna 
character,  is  not  of  Sienna  colour,  it  being  more  of  a  purpUsh- 
olouded  grey. 

TiPPBRARY. 

Among  the  marbles  mentioned  by  Kane  as  occurring  near 
Dunkerron  are  some  of  yellow  colour,  and  yeined. 


METAMORPHIC  ROCKS. 

The  rocks  next  to  be  enumerated  are  probably  metamorphosect 
Ordovicians  (Cambro  or  Lower  Silurians)  or  Cambrians,  generally 
the  latter. 

These  marUe-bearing  stones  must  be  subdivided,  as  one  class 
was  originally  limestone  or  dolomyte,  while  the  other  was  voloanio 
rook,  exotic  rockj  or  those  allied  to  them.  The  latter  have  to  be^ 
included,  because,  as  previously  pointed  out,  they,  and  also  certain 
peculiarly  altered  limestones  and  dolomytes,  are  generally  classed 
together  under  the  common  name  of  Serpentine^  both  the  lime- 
stone and  volcanic  rocks  having  undergone  a  secondary  change, 
due  to  a  chemical  action  from  without,  which  has  been  called  by 
Dr.  King,  of  Galway,  Methylosis.  The  limestones  that  have  only 
undergone  simple  metamorphosis  (mineralized  and  micaised)  will 
be  classed  as  metamorphio  limestones;  while  the  chemically  changed 
limestones  and  exotic  rocks  will  be  grouped  together. 

The  subdivision  of  the  Methylotic  rocks  is  of  such  recent  date 
that,  from  the  available  records,  it  is  hard  to  accurately  sub- 
divide them  imless  all  the  localities  were  personally  revisited.  The 
subdivisions  given  hereafter  are  therefore  in  part  only  suggestive  ; 
bat,  as  far  as  possible,  they  will  be  correct. 


Digitized  by  LjOOQ IC  — ^ 


•396  Scientific  Proceedings^  Royal  DubUn  Society. 

In  the  list  will  have  to  be  mentioned  rooks  that  are  not  at 
all  likely  ever  to  be  of  oommeroial  value  as  marbles.  This,  how- 
-ever,  appears  necessary,  as  some  of  them  have  already  been  given 
a  greater  value  than  they  deserve;  and,  on  this  aooount,  it  is  desir- 
able to  mention  them. 

All  of  these  stones,  that  are  also  suitable  for  out-stone  purposes, 
are  a  second  time  mentioned  in  the  lists  of  the  limestone  quarries. 


MBTAMO&FHIC  LIMESTONES. 

The  rooks  that  come  under  this  class — ^with  the  exception  of 
the  peculiar  Sienna-coloured  stone  in  Glendowan,  the  black  stones 
from  near  Bathmullen,  Go.  Donegal,  and  those  of  Carricksheedy, 
'Go.  Londonderry — are  white,  or  shades  of  white,  some  handsome 
stones  being  tinted  or  douded  with  grey,  pink,  or  green.  All  ars 
more  or  less  schistose.  Some  are  thin-bedded,  those  that  are 
massive  generally  rising  in  more  or  less  rude,  unshapely  blocks. 
The  stones  are  for  the  most  part  coarsely  crystalline,  and  oonse- 
•quently  not  able  to  compete  with  the  Italian  stones ;  while  those 
of  a  creamy  character,  as  far  as  has  yet  been  discovered,  are  also 
disqualified,  owing  to  their  being  either  too  thin-bedded  or  jointy, 
which  prevents  them  being  raised  in  blocks  of  sufficient  size. 

On  this  account  many  hand-specimens  show  a  beautiful  stone 
-equal  to  any  elsewhere;  while,  in  the  quarry,  these  stones  aie 
found  to  be  of  such  small  dimensions  as  only  to  be  suitable  for 
the  manufacture  of  articles  of  vertu. 

This  to  me  seems  a  most  important  fact,  to  which  too  much 
attention  cannot  be  directed  in  Papers  on  the  Economic  Gteology 
of  the  country. 

What  might  be  highly  productive  industries  have  been  already 
-destroyed  by  false  statements  in  reference  to  them. 
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WHITE  and  SBD  MABBLES. 

[Sometimes  tinted,  or  clouded,  with  grey,  pink,  or  green;  b  general  eoarselj 
crystalline;  rarely  fine-grained  and  compact.] 

Donegal. 

In  the  promontory  of  Fanad,  north  of  Kindrum  Lough,  and 
immediately  west  of  Lord  Leitrim's  lodge,  is  a  white  stone,  partly 
ooarsely  orystalline  and  in  part  compact.  It  has  not  been  opened 
into ;  but  a  specimen  from  the  surface  gave  unsatisfactory  results. 

Immediately  east  of  the  south  arm  of  Sheephaven,  in  the 
townland  of  Drumlackagh,  is  a  considerable  thickness  of  limestone 
of  white  to  grey  tints,  some  of  it  being  massive,  the  rest  flaggy. 
Its  qualifications  for  marble  have  not  been  tested. 

To  the  eastward  of  Dunfanaghy,  at  Marble  Hill  (Glaisheen), 
the  stone  is  white  or  rose-tinted.  It  is  capable  of  receiving  a  good 
polish — orystalline  and  slightly  schistose. 

At  Ballymore,  four  miles  from  Dunfanaghy,  there  is  a  creamy- 
white  stone,  in  places  clouded  with  brown  or  having  brown  por- 
tions. It  polishes  well,  and  has  been  worked  as  a  marble  of  a 
pleasing  character. 

At  Kinclevin,  nearly  a  mile  from  Dunfanaghy,  there  is  a 
greyish-white  stone  not  very  promising. 

Lewis  mentions  a  superior  ^' white  marble"  in  the  Bosses, 
**  capable  of  being  raised  in  large  blocks.''  This  ought  to  be  some- 
where to  the  north  of  G-weedore ;  but  the  locality  has  not  been 
satisfactorily  localized. 

Six  miles  E.  S.  E.  of  Gweedore  Hotel,  at  Dunlewy,  there  is  a 
large  limestone  quarry.  The  stone  is  white  to  creamy-white, 
tinted  with  green  and  pink.  It  has  been  used  both  as  building- 
stone  and  as  marble.  The  "  whites  "  are  coarse,  but  durable ;  the 
others  are  beautiful  stones,  but  so  thin-bedded  and  jointed  that  it  is 
impossible  to  raise  them,  except  in  pieces  of  small  dimensions,  which 
renders  it  of  littie  commercial  value.  As  the  quarry  has  been 
worked  only  along  the  surface  of  the  bed,  rarely  twenty  feet  deep,, 
it  is  possible  that  better  stones  might  be  got  at  some  depth,  espe- 
cially at  the  western  end. 
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At  the  base  of  the  range  of  hills  north  of  Fintown  are  white 
limestones  favourably  reported  on.  No  trials,  however,  have  been 
made  on  them. 

A  little  south-east  of  Glenveigh  Castle,  a  surfaoe  trial  was  made 
•on  a  white,  highly  orystalline  limestone.  Enough  of  it  is  not  seen 
to  form  an  opinion ;  but  the  rook  appears  worthy  of  making  a  more 
extensive  opening  on  it. 

In  the  parish  of  Gartan,  on  the  west  shore  of  Lough  Akibbon, 
«nd  two  miles  north  of  Church  Hill,  is  a  white,  greyish,  and 
pink-tinted  stone.  It  polishes  well,  and  has  been  approved  of  by 
the  marble- workers ;  but  further  and  more  extended  trials  are 
necessary  to  prove  whether  it  can  be  raised  in  blocks  of  profitable 
size. 

In  the  townland  of  Magheranan,  to  the  east  of  Letterkenny, 
is  a  nice-looking  white  stone,  spotted  with  green,  that  has  not  been 
opened  up,  and  its  qualities  are  unknown. 

In  the  hills  north-east  of  Kilmacrennan,  near  the  village  of 
Ardanawark,  are  white  and  pinkish  rocks  that  can  be  raised,  it  is 
said,  in  large-sized  blocks.  No  trial  has  been  made  on  them ;  but 
a  specimen  polished  easily  and  well.  They  appear  to  be  in  the 
same  beds  as  those  at  Lough  Akibbon. 

Three  miles  south-east  of  Letterkenny,  in  Magheraboy,  is  a 
nice-looking,  white,  untried  stone. 

About  a  mile  east  of  Convoy,  at  Kiltale,  there  is  a  white  stone 
of  good  appearance,  but  thin-bedded. 

In  various  other  places  in  the  gneiss  district  (Cambrian)  of 
Donegal  are  small  detached  masses,  or  beds,  of  white,  or  douded- 
white  crystalline  limestones ;  but  as  none  of  them  seem  to  be  of  a 
magnitude  or  quality  to  form  a  ^'  quarry,"  it  appears  unneoessaiy 
to  enumerate  them. 

Q-ALWAT. 

To  the  south  of  Letterfraok,  in  the  hill  of  Creggs,  are,  white 
limestones.  One  portion  is  a  stone  of  '^  excellent  qui^ty,  equal  to 
the  Italian,  but  it  rises  in  small  blocks"  {Sibihorpe).  After  some 
time  spent  in  sinking  on  this  vein.  Dr.  lUtchie  of  Belfast  failed  in 
getting  good-sized  marketable  blocks. 

On  the  western  shore  of  Denyclare  Lough  there  is  a  quarry, 
formerly  worked  by  the  Marlins  of  Ballynahinch,  who  seem  to 
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have  raised  some  fair-sized  blocks ;  oolour  wMte,  tinted  with  grey. 
In  the  lake  in  White  Islaad  there  is  a  yeiy  peculiar  stone,  white, 
spotted  with  green  Serpentine  crystals.  This  rock  is  associated 
with  green  ophialjte ;  no  opening  has  as  yet  been  made  in  it. 

South  of  Adrehid  Lake,  and  in  a  second  place,  to  the  westward 
of  Glengowla  Mine,  both  a  little  west  of  Ought«rard,  there  are 
white  crystalline  rocks,  that  have  not  been  tried  as  yet. 

There  is  also  an  untried  fair-looking  white  limestone  north-west 
of  Boss  Lake,  between  Oughterard  and  Galway. 

Louth. 

In  the  Carlingford  promontory  white  crfrstalline  limestones 
have  been  found  in  three  places,  but  of  such  limited  extent,  that  it 
seems  improbable  that  they  should  ever  be  of  commercial  value. 

8ienna-colox7bed. 

Donegal. 

In  Glendowan,  westward  of  Lough  Veagh,  SPHenry  records  a 
xibanded  Sienna-coloured  stone,  that  policJies  well,  but  it  is  too 
thin-bedded  to  be  of  much  value.  Its  layer  there  is  a  structure 
like  Eozoon  canadense. 

Galway. 

At  Lough  Anna  there  is  a  maculated  Sienna-coloured  stone  of 
limited  extent  (see  page  402). 

BLACK  MABBLE. 

[Black  stones  in  the  metamorphio  rooks  fit  for  marbles  are  only  recorded  in  the 
Cos.  Donegal  and  Londondeiry.] 

Donegal. 

At  Eintale,  a  mile  and  a-half  north  of  Bathmullen,  Kane 
reoords  a  stone  capable  of  being  used  as  a  marble.  It  appears  to 
be  only  very  locally  known. 

LoMDONDBBRT. 

At  Carrioksheedy  there  is  a  black  stone  capable  of  taking  a 
good  polish;  it  appears,  however,  to  be  only  locally  known. 
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Tlie  ntoie  Sevpentiiie  ia  more  applicable  ix>  the  methylotiolime- 
than  to  the  methylotic  yoloanio  rocks.  We  will,  howerer, 
ae  it  in  the  broad  popular  seofle,  and  include  under  it  all  the 
methylotio  limeetones  and  yoloanio  rooks,  also  the  rocks  allied  theieto- 
Of  li^  years  lithologists  have  greatly  subdivided  these  rocks,  ih» 
principal  subdivisions  of  the  former  being  called  ophiolytes,  opU- 
ealcytesy  and  ophidolomytee ;  and  of  the  latter,  ophyte  and  eklogjte, 
with  the  allied  rocks  steatyte  {foap-Btone)  and  pyrophyllyte  (oW' 
dome). 

Dana  divides  the  massive  Serpentine  or  ophyte  into  prtfctont 
Serpentine  of  a  rich  old  green  colour,  of  pale  or  dark  shades,  simI 
translucent,  even  when  in  thick  pieces ;  and  comnum  Serpentine  A 
dark  shades  of  colour,  and  subtranslucent.      The  latter  is  Hard 
and  diflScult  to  work  on  account  of  impurities.      Many  sUtotf 
however,  in  Egypt  and  India  are  made  of  rocks  of  this  class.  Eklo- 
gyte  is  still  commonly  called  Serpentine.      Formerly  steatite  asd 
pyrophyllyte  were  also  thus  classed ;  now  many  separate  them. 
Steatyte  and  pyrophyllyte  are  still  confounded  together  by  mat 
people,  their  appearance  being  very  similar ;  yet  they  are  chemi- 
oally  very  distinct,  the  former  being  a  silicate  of  magnesia,  and 
the  latter  a  silicate  of  alumina.     Steatyte  seems  to  be  always  an 
adjunct  of  volcanic  rocks,  while  the  other  occurs  in  general  ast 
bedded  rock :  steatyte,  however,  may  occur  as  **  fault  rock,"  if  the 
latter  had  been  made  up  of  volcanic  rook  debris  or  volcanic  tuff. 


METHYLOTIC  LIMESTONES  and  DOLOMYTEB. 
O^OIOLYTES,    OPHICALCYTES,    and    OPHIBOIiOKYTES. 

The  rocks  of  this  division  now  of  commercial  value  are  leooided 
only  in  the  west  of  the  Co.  Galway,  and  are  known  as  Connemata 
greens.  They  have  indeed  been  found  also  in  the  counties  Donegal 
and  Waterford,  but  from  neither  of  these  counties  do  any  stonea 
oome  into  the  market,  while  the  beds  or  veins  seem  to  be  so  limitei 
in  extent  that  there  does  not  appear  much  prospeot  of  their  ever 
doing  so. 
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The  ''Connemara  greens''  are  most  varied  in  colour.  Some  are 
dark-green,  unifonn,  or  clouded ;  others  are  leek  green  or  light 
green  ;  nehile  the  majority  are  mottled  or  spotted,  or  streaked  and 
variegated.  These  last  are  very  happily  described  by  Sir  0.  L. 
Oiesecke,  who  wrote  near  the  beginning  of  the  century.  "  It  is  im- 
possible to  describe  the  immense  varieties  of  delineations  and  shades 
and  colours  of  the  beautiful  stone  which  attracts  the  eyes  of  the 
beholder;  the  serpent-like  (i.  e,  wavy  formation)  delineation  of 
8ome  of  them  must  excite  particular  admiration.  Others  are  coloured 
in  spiral  forms;  others  are  dotted  and  spotted  with  different  shades 
of  grey  and  yellow."* 


OBEEN,  or  VABIEGATED,   or   STBEAXEB  with  GSEY, 
WHITE,  RED,  YELLOW,  PX7BPLI8H. 

Galway. 

The  ophialites  occur  in  one  group  of  strata  which  were  once 
continuous,  but  now,  on  account  of  the  breaking-up  of  the  rock 
by  faults,  the  exposures  are  more  or  less  disconnected  and  iso- 
lated. The  most  northern  exposure  occurs  as  an  isolated  mass 
at  Loughnagur.  range,  two  miles  south  of  Baruaderg,  or  Ballyna- 
kille  Harbour.  The  rocks  are  uniform,  clouded,  and  variegated 
green.  The  stone  has  not  been  worked  in  this  locality.  The  nearest 
harbour  to  it  is  Bamaderg,  with  which  it  might  easily  be  connected 
by  a  road. 

At  the  west  end  of  Streamstown  Bay,  or  about  two  miles  north 
of  Glifde^n,  are  different  exposures  of  ophicalcyte.  On  a  vein  a  little 
east  of  the  end  of  the  bay  is  the  quarry  formerly  worked  by  the 
D' Arcys  of  Clifden,  and  of  late  years  by  Mr.  OoUes  of  Elkenny. 
The  stone  in  general  is  variegated  with  spots  or  streaks ;  green^ 
grey,  and  white  predominating.  The  soabbled  blocks  are  carted  to 
Clifden  for  shipment. 

In  the  eastern  continuation  of  the  Streamstown  Bay  valley, 
oooapying  a  narrow  tract  over  three  mUes  long,  which  extends  from 
Xioughauna  to  Loughnahillion,  is  a  nearly  continuous  band  of  these 
jooks.     Here  there  is  a  great  variety,  both  in  beauty  and  colour,  as 

^  Tratu.  Jie^al  DtiUm  Boewty^  toI  IzzL,  March  2, 1826,  Appendix. 
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exhibited  in  the  ornaments  manufactured  by  the  McDonnells  of  Clif- 
den — self-taught  artists — who  manufacture  brooches  and  various 
other  articles  of  tertu  by  hand,  out  of  ophialjtes  from  these  and 
idl  the  other  localities,  to  dispose  of  them  to  visitors.  One  unique 
and  beautiful  variety  on  sale  by  Alick  McDonnell  was  a  maculate 
Sienna-colour  ophialyte  from  a  vein  at  Loughauna.  To  work  the 
stone  in  this  valley,  that  to  the  westward,  near  Loughauna, 
•could  best  be  approached  by  a  road  constructed  from  Streamstown 
Bay,  from  where  it  could  be  carted  to  Clifden  for  shipment ;  while 
that  at  Loughnahillion  would  be  brought  more  easily  by  a  road 
northward  to  Bamaderg  Bay. 

To  the  south  and  south-eastward  of  the  valley  last  mentioned, 
And  nearly  parallel  to  it,  is  that  of  the  Owenglin;  where,  in 
occasional  spots  for  a  distance  of  over  three  miles,  the  ophialytes 
appear.  They  are,  as  elsewhere,  most  varied  in  colour  and  beauty, 
while  in  some  of  the  streaked  varieties  the  structure  that  has  been 
called  Eozoon  canadenae  occurs.  In  this  valley,  at  Bamaoran,  are 
the  famous  ^^  Ballynahinch  Marble  Quarries,"  from  which,  in  old 
time,  most  of  the  Connemeou  marble  was  obtained ;  and  it  was  of 
the  stone  seen  here  that  G-eisecke  wrote.  Of  late  years  these 
quarries  have  got  into  disrepute,  on  account  of  the  severe  road 
from  them,  a  steep  ridge  intervening  between  Owenglin  and  Bally- 
nahinch, over  which  the  blocks  had  to  be  carted.  This  stone  was 
used  in  the  new  Museums  at  Oxford  and  Trinity  College,  Dublin. 
A  small  vein  of  a  peculiar  variety  {Onkosin)  occurs  to  the  east  of 
Barnaoran  ;  it  is  of  a  pale  olive  greenish  grey  colour,  full  of  den- 
dritic markings,  and  having  an  appearance  somewhat  like  moss 
agate.  This,  under  the  name  of  ^^  moss  serpentine,"  was  exten- 
sively worked  by  Alick  McDonnell,  who  discovered  it.  A  very 
fine  specimen  is  in  the  Museum,  Queen's  College,  Qtdway. 

The  blocks  of  stone  from  this  valley  have  to  be  drawn  across 
the  ridge  to  the  Ballynahinch  valley,  and  from  thence  to  Clooniale 
pier  for  shipment;  they  might,  however,  be  manufactured  by 
water  power  at  the  quarries. 

Extending  southward,  at  nearly  a  right  angle  from  the  east 
end  of  Owenglin,  is  Glenisky.  Here  the  serpentine  occurs  in 
veins  that  continue  southward  from  those  in  Owenglin,  along  the 
western  slopes  of  Bengower,  past  the  summit  of  Benlettery,  termi- 
nating on  the  south  slope  of  the  latter.  The  stones  are  very  similar 
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io  those  in  Owenglin,  but  with  them  are  also  found  smaragdite 
fiohist.  The  place  is  difficult  of  access;  because  Ghlenisky,  leading 
^own  to  BaUynahinch,  is  steep  and  rugged.  Blocks  might,  how- 
ever, be  run  down  an  incline,  or  the  marble  might  be  worked  in 
the  glen  by  water-power.  The  south  end  of  the  glen  is  about  five 
or  six  miles  from  Cloonisle  pier. 

In  the  south-east  slope  of  Benlettery  there  is  the  small  east 
and  west  valley  called  Derrynagloan,  where  there  ib  a  small  vein. 
This  is  of  easy  access  from  the  Ballynahinch  road. 

Extending  northward  from  the  east  end  of  Ballynahinch  lake 
is  Glenooaghan.  Here  are  found,  in  different  places,  detached 
exposures  of  serpentine,  the  largest  occurring  at,  and  southward  of, 
Bennaderreen,  on  the  western  slope  of  Derryclare  hill.  The  other 
exposures  are  between  this  and  the  lake.  The  stones  are  veiy 
similar  to  those  in  Glenisky .  No  quarry  as  yet  has  been  opened  ; 
nor  is  there  a  cart  road  into  the  glen,  but  one  could  easily  be  con- 
structed, which  would  pass  by  all  the  exposures.  Canal  Bridge,  at 
the  mouth  of  the  valley,  is  about  seven  or  eight  miles  from 
Cloonisle. 

Veins  of  serpentine  occur  in  places  along  the  north-east  portion 
of  the  south-east*shore  of]  Derryclare  lake,  and  also  in  the  islands. 
Here,  especially  in  White  Island,  the  rocks  appear  to  be  more 
varied  in  colour  than  elsewhere,  one  being  very  peculiar,  having 
in  a  whitish  ground  long,  crystal-like  pieces  of  dark  green.  Most 
of  the  veins  are  at  the  water  level,  and,  if  they  were  worked,  there 
yfovli  be  a  certain  amount  of  expense  in  pumping.  The  blocks, 
however,  might  be  carried  by  water  down  the  lake  to  Oanal 
Bridge,  and  even  down  Ballynahinch  Lake  to  the  river  near 
Toombeola,  where  they  would  be  only  a  short  distance  from 
Cloonisle. 

Farther  eastward,  to  the  northward  of  the  Eecess  Hotel,  on 

the  south-west  and  north-west  slopes  of  Lissoughter,  are  various 

detached  exposures  of  serpentine.  On  the  south-west  slope,  dose  to 

&e  village,  is  a  quarry  formerly  worked  to  a  slight  extent  by  the 

fartins  of  Ballynahinoh,  but  much  more  extensively  during  the 

1st  fifteen  years  by^the  Messrs,  Sibthorpe  of  Dublin.    This  stone 

li  in  general,  nniform,  or  clouded  green,  some  being  dark,  but 

i  the  same  time  translucent.    Very  good-sized  stones  have  been 

liaed,  but  in  rough,  unshapely  blocks*    The  stone,  however,  is  of 

2B2 
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noh  good  quality,  tbat  it  lias  been  f otmd  more  profitable  to  oony 
tbem  unsquared  to  Gloomsle  for  ehipment  than  to  square  them  in 
the  quany. 

At  the  time  the  Meesrs.  Sibthorpe  began  working,  about  the 
jear  1870,  there  was  a  oonsiderable  demand  for  '^Gonneman 
greens";  but  unfortunatelj  for  the  reputation  of  the  stone,  as 
also  for  many  other  marbles,  arohiteots  would  insist  on  using  them 
in  outside  decorations,  and,  consequently,  not  through  any  lesl 
inferiority  in  the  stones,  they  soon  weathered  and  became  un- 
sightly. Thus  was  generated  a  most  undeserved  prejudice  agsinst 
the  green  marbles,  which,  when  used  in^their  proper  sphere  a» 
inside  work,  cannot  be  surpassed  in  beauty  or  elegance. 

The  largest  column  yet  obtained  (9  ft.  9  in.)  was  wrought 
out  of  a  block  raised  in  lissoughter.  It  is  now  at  St.  Anne's^ 
Co.  Dublin,  the  mansion  of  Lord  Ardilaun.  In  England  tliis 
marble  was  used  at  the  Manchester  Exchange,  Bochdale  Tow& 
Hall,  St.  Maiy,  and  other  plaoes  in  Bradford ;  St.  John's  College, 
Cambridge ;  St.  Maiy  Abbot's,  Kensington ;  St.  Pancras  Hotel 
and  Station,  &c.  Becently  it  is  being  exported  to  America,  then 
being  a  greater  demand  for  the  uniform  and  douded  dark-greens 
than  for  any  of  the  others.  From  either  the  Lissoughter  or  Bar- 
naoran  quarries  was  procured  the  serpentine,  by  the  Martins  d 
Balljnahinch,  that  was  wrought  into  the  chimney-piece  presented 
to  Gheorge  lY.,  and  now  in  the  Carlton  Club,  London. 


METHYLOTIC  EXOTIC  ROCKS. 

(Ophtte,  Eklooyte,  Steatttb,  and  Pykophtllttb.) 

DABX-OSBENB,  and  VABIXOATED. 

The  ophytes,  as  a  general  rule,  may  be  classed  as  ^AsA* 
greens,"  although  some  are  of  light  colours,  or  spotted,  motdedl» 
and  streaked.  None  of  them  appear  to  answer  fully  Dana's  defini'> 
tion  of  '^  Precious  Serpentine,"  as  they  seem  in  general  to  ooeaft 
a  positicHi  between  that  grade  and  his  ^^  Common  Serpentine.' 
None  of  them  aie  in  the  mai^et,  although  they  are  equal  tO|  anv 
perhaps  even  suipaes,  some  of  the  foreign  stones. 
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They  aie  not,  oomparativelyy  of  rare  ooourrenoey  being  leoorded 
in  aeyen  oounties,  while  probably  they  will  be  found  in  others,  as 
until  reoently  it  has  been  oustomary  to  group  them  with  the 
associated  pyroxenio  or  other  voloanio  rocks,  of  which  they  are 
methylotic  adjuncts.  Thus,  in  the  counties  Wexford  and  Wick- 
low,  it  is  only  recently  that  these  distinct  rooks  have  been  separated 
on  the  maps. 

As  far  as  the  records  can  be  depended  on,  these  rocks  are,  in 
^dmost  all  cases,  found  associated  with  the  old  metamorphic  rocks 
{  Ordovician  and  Cambrian) .  One  exception,  howeyer,  has  been  men- 
tioned, as  ophyte  is  found  as  an  adjunct  of  the  Carbaniferous  rocks 
of  the  Co.  Limerick.  Here  the  tract  is  of  suoli  small  dimensions 
and  the  rock  so  inferior  in  quality,  that  it  might  be  ignored  were 
it  not  for  the  exceptional  circumstances  under  which  it  has  been 
found.  It  is  quite  possible,  however,  now  that  attention  has  been 
<»Llled  to  the  circumstance,  that  it  may  be  found  elsewhere  associ- 
ated with  even  younger  rocks. 

Eklogyte  is  in  aspect  very  like  ophyte,  and  by  most  geologists 
they  are  classed  together.  It  has  therefore  been  only  recorded  in 
two  counties,  although  probably  it  also  occurs  elsewhere.  It  is 
Allied  more  or  less  closely  to  saussuryte,  or  Swiss  jade.  Some  of  the 
ancient  implements  known  under  the  general  name  of  ^^celt" 
were  manufactured  out  of  rocks  of  this  dass. 

The  steatytes  or  soapstones  are  in  colour  very  pale-grey,  or 
bluish,  or  greemsh,  or  greyish- white,  whUe  others  are  reddish  or 
orange.  Some  of  them  are  very  suitable  for  the  manufacture  of 
articles  of  vertUy  but  as  far  as  we  are  aware  they  have  not  been  so 
utilized. 

Pyrophyllyte  or  camstone  may  be  counted  as  a  new  class  of 
rock ;  for  although  given  its  proper  place  in  mineralogical  books, 
in  geological  writings  it  has  almost  invariably  been  called  steatyte, 
or  a  **  coarse  variety  of  steatyte  '^ ;  consequently  the  records  of  its 
occurrence  are  few.  For  years  it  has  been  recognized  in  the  Co. 
Donegal,  and  has  been  used  in  some  of  the  ecclesiastical  structures. 
A  rock  that  appears  to  be  pyrophyllyte  is  also  recorded  in  the 
"Co.  Cork ;  while  patches  and  veins  or  beds  occur  in  the  blackish 
slates  of  Ordovician  age  in  the  Co.  Wexford.  In  other  places,  if 
it  exists,  it  has  been  classed  with  steatyte.  It  probably  occurs  in 
the  Co.  Galway,  as  hereafter  mentioned. 


Digitized  by  LjOOQ IC 


406  SeierUific  Proeee^ngs,  Bayal  Dublin  Society. 

0PHTTE8. 

[I>ark«greeik  to  blackiah,  some  ttiiated  and  spotted.    Occur  in  the  Got.  Gkdwajr 
Majo,  Sligo,  Tyxone,  Waterfoid,  Wexford,  and  Wkklow.] 

Galwat. 

To  the  north  of  the  townland  of  Leamnaheltiay  near  the  south 
shore  of  Lough  Fee,  in  the  mountainous  tract  north  of  Kylemore 
Loughy  is  an  isolated  mass  of  ophyte  of  dark,  and  in  places  lighter 
douded  greens.  Some  pieces  of  this  rook  were  worked  hj  Alick 
McDonnell  of  Clifden,  who  stated  "  the  rock  was  very  kind." 

At  Dawros,  to  the  east  of  Ballynakille  Harbour,  and  a  little 
north  of  Letterfrack,  there  is  an  extensive  tract  of  dark-green, 
nearly  black,  ophyte. 

To  the  south  and  south-west  of  Gkrroman,  or  GlendoUagh 
Lake,  are  small  tracts  of  dark-green  ophyte. 

Near  the  shore  of  Galway  Bay,  about  half  a  mile  south-west  of 
the  ruins  of  Bunowen  Castle,  is  a  small  tract  of  dark-green,  nearly 
black,  ophyte. 

In  the  mountainous  tract  of  Errisbeg,  to  the  westward  of 
Roundstone,  are  three  rather  long  tracts  of  ophyte.  Two  are 
near  Lough  Bollard,  while  the  third  is  a  little  more  than  half  a 
mile  to  the  east  of  it.  The  stone  in  general  is  dark-green,  but 
some  of  it  is  mottled,  dark  and  light. 

Mayo. 

Two  miles  north  of  Castlebar  there  is  a  long  narrow  exposure 
of  dark  to  light-green  ophyte. 

Along  the  northern  slope  of  the  Groagh  Patrick  range,  from 
near  Louisburg  to  some  miles  east  of  Westport,  is  a  long  wide 
tract  of  ophyte  associated  with  steatyte.  To  the  westward  it  thins 
out|  while  its  greatest  thickness  appears  to  be  at  the  railway  cutting 
a  mile  and  a-half  south-east  of  Westport.  Some  surface-specimens 
were  experimentalized  on  and  were  found  difficult  to  cut ;  but  it 
might  improve  if  opened  in  depth ;  it  appears  worthy  of  trial,  as  it 
varies  much  in  colour,  from  greenish-black  to  dark-green,  light- 
green,  reddish,  and  purplish ;  some  of  it  being  handsomely  streaked 
with  the  colour  last  mentioned. 
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In  the  hills  between  Leenaun  and  Wesport,  two  or  three  miles 
north-west  of  Sheffej,  at  and  south-west  of  Lugaloughaun,  are 
three  or  four  exposures  of  a  peculiar  rook  that  appears  to  be  allied 
to  ophjte ;  they  are  of  different  shades  of  light  green.  These 
rooks  work  easily,  but  it  is  questionable  if  they  could  be  procured 
in  large  blocks.     The  place  at  present  is  very  inaccessible. 

In  Glencullin,  north-east  of  Mweelrea,  is  a  dyke  of  mottled- 
green  rook  allied  to  ophyte,  or  eklogyte  (P). 


Sligo. 

At  SUshwood  and  the  valley  running  nearly  south  from  Bun* 
owen  Bay,  Lough  Gill,  is  a  band  nearly  two  miles  long  and  about 
five  hundred  feet  wide,  of  a  dark-coloured,  compact,  somewhat 
bard  ophitic  rock.  It  contains  magnetite,  especially  to  the  west- 
ward, where  Hardman  states  it  **  possesses  all  the  characters  of 
natural  magnets."  It  also  contains  some  nickel.  The  rock  is  of 
a  splintery  nature.  Although  called  a  serpentine,  it  possibly  more 
conrectly  should  be  classed  as  an  eklogyte. 

At  Drumahaire,  three  miles  north-east  of  the  Slishwood  ser- 
pentine, there  is  a  band  about  three  hundred  feet  thick  of  very 
similar  rook,  except  that  it  is  not  "  perceptibly  magnetic." 

Close  to  Shanayan's  Bridge,  near  Manorhamilton,  is  a  third 
band  of  similar  rock,  supposed  to  be  about  a  mile  long. 

In  the  Geology  of  Ireland^  p.  191,  it  is  suggested  that  these 
rooks  were  possibly  metamorphic  Cambrians  or  even  Laurentians. 
It  now,  however,  appears  to  be  much  more  probable  that  they  are 
in  part  Cambrian,  and  in  part  Ordovioian.^ 

Tybone. 

Westward  of  Cookstown,  to  the  north  and  north-west  of 
Pomeroy,  are  the  hills  in  which  Slieve  Gallion  is  the  principal 


>  If  the  markings  found  near  Lough  Finn,  Go.  Donegal,  and  exhibited  by  Dr.  Hull 
«t  Britiflh  Asfiociation  Meeting,  1886,  are  graptolites  of  Arenig  types,  as  appears  to 
be  Tery  probable,  the  supposed  Laurentians  of  Donegal  are  unquestionably  metamor- 
phosed OrdoTidans,  Arenigs,  and  Cambrians.  Consequently,  it  is  probable  that  th* 
rocks  of  Sligo,  and  also  the  similar  rocks  of  Cos.  Tyrone,  Leitiim,  and  Mayo,  are  also 
Cambrian,  Arenig,  and  OrdoYician. 
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sommit.  These,  for  the  most  part,  are  composed  of  highlj  altered 
rooks  that  have  been  suggested  to  be  of  Laurentian  age;  but,  as 
previouslj  mentioned,  are  more  probably  metamorphosed  Arenig. 
In  them,  towards  their  south  margin,  are  tracts  of  ophyte,  gene- 
rally dark  oliye-green,  approaching  to  black,  but  some  are  of 
lighter  colour  or  Tariegated  or  streaked. 

About  three  miles  north-west  of  Pomeroy,  west  and  south- 
west of  the  lake  that  lies  half  a  mile  west  of  the  summit  of 
Cregganconroe,  are  four  distinct  patches  of  ophyte ;  while  a  little 
to  the  west,  on  the  hill  called  Scalp,  is  a  fifth.  At  Athenree, 
about  a  mile  and  a-half  S.  S.  W.  of  Scalp,  and  a  mile  south-east 
of  Carriokmore  or  Termon  rock,  there  is  also  a  tract,  and  another 
about  half  a  mile  W.N.W.,  of  Carrickmore.  In  the  last,  the  rook, 
in  places,  heus  a  decided  variegated  or  strealLod  colour.  Some  of 
these  stones  have  a  good]^  appearance,  and  seem  to  be  qualified 
to  produce  a  marble.  As  yet,  none  of  them  have  been  utilized  or 
even  tested. 

Watbbfobd, 

In  this  county  the  serpentines  recorded  are  only  of  very  small 
extent.  As,  however,  the  rocks  of  the  eastern  portion  of  the 
county  are  similar  to  those  of  the  adjoining  counties  of  Wexfdd 
and  Wicklow,  and  as  among  the  latter  ophyte  only  recently  has 
been  recorded,  it  formerly  having  been  included  among  the 
pyroxenic  rooks,  it  seems  not  improbable  that  here,  as  in  Wicklow 
and  Wexford,  there  may  be  small  tracts  of  ophyte  stiU  unrecorded. 
This,  however,  has  still  to  be  examined  into. 


Wbxford  and  Wicklow. 

The  presence  of  ophyte  was  not  recorded  in  these  counties 
until  within  the  last  five  years,  although  "  serpentine  "  is  mapped 
on  the  old  geological  six-inch  maps.  This,  probably,  is  due  to  the 
fact  that,  until  recently,  many  geologists  classed  them  with  the 
pyroxenic  rooks,  of  which  they  are  metholotic  varieties.  They  are 
now  known  to  occur  in  the  following  localities : — 

On  the  north  and  south  slopes  of  the  western  spur,  extending 
from  Croaghan  £inshella,  in  the  townlands  of  Cummer,  Cummer- 
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'dxiS,  and  Hillbrook,  some  of  them  being  on  the  borders  of  the 
-oounties  of  Wexford  and  Wioklow,  are  detaohed  exposureB  of 
ophyte.  They  are  of  yarious  shades  of  green,  generally  dark- 
'Ooloured. 

Bouth-west  of  the  spur  of  high  ground  last  mentioned^  and  a 
little  west  of  Camew,  in  the  Co.  Wioklow,  there  is  a  tract  of 
•dark-green  ophyte,  in  plaoes  spotted  with  red,  like  a  bloodstone. 
It  is  capable  of  taking  a  good  polish. 

Much  further  northward,  about  half  way  between  Anamoe  and 
Togher  or  Boundwood,  is  a  large  boss  of  dark-green  ophyte. 


ESLOGYTE. 

[Speckled  and  mottled,  green  and  brown,  recorded  from  Oalway,  Hayo,  and  Sligo.] 

Galway. 

To  the  W.  N.  W.  of  Kylemore  Castle,  in  the  townland  of 
<3nnywongaun,  there  is  a  vein  of  greenish-brown  speckled  eklo- 
gyte.  A  small  opening  was  made  by  Mitchell  Henry,  M.F.,  who 
iiad  some  of  the  rock  cut  and  polished  at  his  saw-null. 

A  little  south  of  Garroman  or  QlendoUaghLake,  in  the  mass  of 
ophyte  previously  mentioned,  is  a  pipe  vein  of  spotted  bright-green 
-eklogyte. 

Mayo. 

A  little  south-west  of  Ballyhean,  on  the  north  slope  of  Tona- 
«derrew,  there  is  a  mottled  light-green  eklogyte.  The  rock  in  this 
locality  is  very  like  the  previously-mentioned  rocks  near  Luga- 
loughaun  and  in  Glencullin  (see  OphyteSy  page  406),  and  it  is  pos- 
sible that  the  rocks  in  these  places  should  be  classified  with  the 
-eklogytes,  and  not  with  the  ophytes. 

Sligo. 

The  rocks  previously  described  among  the  ophytes,  at  Slish- 
wood,  Drumahair,  and  near  Manorhamilton,  seem  to  partake  very 
much  of  the  nature  of  eklogyte,  and  possibly  ought  to  be  bo 
^classed. 
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or  80AP8TOHB. 

[8aB»  an  pd^-ficf,  of  hhndi  and  greauak  tints ;  oUien  reddish  or  orange.  Tliej 
^tr«  bMB  atatca  to  be  fond  m  the  Cos.  Donegal  (f),  Galway,  Majo,  Sligo,  anf 
ITitifaid  Aa  tha  fiMarina  of  tha  daasifieatian  d  ateatyta  and  pyicphyllytB  i» 
atiil  nhaiafn.  nKka  aaid  to  be  ateatyta  will  be  mentioned  under  this  heading,  coi^lei 


Donegal. 

In  different  placeB  aasociated  with  the  hasic  Yoloanio  rocks  aie 
of  steatyte,  but  of  y^rj  small  dimensioiis.  In  other  places, 
tiie  rocks  that  are  genendly  called  steatyte  are  more  probably 
pyrophjUvtes.  No  large  mass  of  tme  steatyte  appears  to  be  re- 
eorded  in  the  Co.  DonegaL 

Near  Crohy  Head,  irestward  of  Dunloe,  Mr.  Blake  states 
there  is  a  steatyte  so  pure  as  to  be  valuable  for  the  manufaotme 
of  lubricators.  It  occurs  as  a  bedded  rock  unassociated  with 
intrasiTe  rocks,  and  is  probably  a  pyzophyllyte ;  but  this  has  still 
to  be  verified. 

Eastward  of  Dnufimaghy,  at  Ards,  steatyte  is  also  said  to  haye 
been  found.    The  rooik,  howeTer,  appears  to  be  pyrophyllyte. 

Galwat. 
Steatyte  occurs  in  subordinate  veins  and  patches,  aasocisted 
with  many  of  the  intrudes,  especially  the  ophyte ;  but  they  are  of 
aniall  dimensions.  It  has  also  been  recorded  as  found  near  Eil- 
meelickin  chapel,  in  the  Maum  valley.  The  specimen,  however^ 
would  suggest  that  the  rock  was  a  pyrophyllyte. 

Mato. 

On  the  south  shore  of  the  island  of  Bofin  and  the  north  shore 
of  the  island  of  Shark,  in  this  county  (but  off  the  coast  of  Galway]^ 
are  considerable  tracts  of  fine  light  to  darkening-grey  steatyte; 
the  better  portions  being  of  a  silver-grey.  On  Bofin  it  has  been 
worked  to  some  extent,  and  exported  for  the  manufacture  of  lubri* 
oators,  but  apparently  not  for  articles  of  vertu. 

In  the  mountainous  tract  between  the  Eillary  and  Clew  Bay, 
to  the  westward  of  Doolough,  there  is  a  considerable  mass  of  an 
impure  yellowish  steatyte,  an  adjunct  to  a  felstem  intrude. 
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Aflsooiated  with  the  long  ophyte  mass  of  the  Croagh  Patrick 
range,  there  aie  steatytes  of  greater  or  less  extent  in  different 
plaoes. 

WiCKLOW. 

To  the  eastward  of  Croaghan  Kinshella,  in  the  townland 
of  Ejllahurla,  there  are  in  places  dykes  of  a  reddish  or  orange 
friable  steatyte.    None  of  these  have  been  opened  in  depth. 


FSTBOPHYLLYTE,  or  CAMSTONE. 

[Pale  greyish-green  to  dark-green.  When  cut  and  polished  some  are  of  a  rich 
oliye-green.  They  are  only  recorded  in  the  Cob.  Cork  (P),  Donegal,  Galway  (P),  and 
Wexford.] 

Cork. 
In  the  carboniferous  slate,   to  the  south-west  of  Castletown^ 
Berehaven,  are  beds  or  dykes  of  a  pale-yellowish  stone  that  are 
probably  pyrophyllyte  or  an  allied  rock ;  they,  however,  require 
further  examination. 

Donegal. 

In  this  county  camstone  appears  to  have  been  recognized  for 
years,  although  in  the  records  it  has  been  called  ^*a  coarse  or 
impure  kind  of  steatyte  " ;  and  has  even  been  mined  and  sent  inta 
the  market  as  steatyte.  Years  ago  it  was  used  for  architectural 
purposes,  as  in  the  ancient  churches  of  Balleekan  and  E[illydonnell 
south  and  north,  respectively,  of  the  western  arm  of  Lough  S willy,. 
where,  when  the  Old  Sandstone  mullions  of  the  windows  decayed 
away,  they  were  replaced  by  new  ones  cut  out  of  camstone.  In 
Balleekan  there  are  also  tombstones  of  a  somewhat  similar  class  of 
rock.  Where  this  stone  was  procured  is  now  unknown.  Wilkin- 
son, writing  in  1845,  states  that  in  the  mountain  range,  near  Elil- 
maorennan  and  Bamagh  are  camstones  that  **  can  be  cut  or  turned 
with  facility  into  any  form,"  and  "are  very  durable,"  but  the  loca- 
litieB  are  not  given,  and  no  quarries  in  this  stone  appear  to  have 
been  worked  for  years,  or  can  now  be  pointed  out  in  those  neigh- 
bourhoods. It  is,  however,  known  to  occur  in  the  following 
places : — 

About  two  miles  N.N.W.  of  Castlefin,  atGibbstown,  is  a  quarry 
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from  which  oamstone  appears  to  have  been  procured  rather  extoi- 
siyelj  in  former  years ;  at  present  it  is  only  raised  to  be  used  for 
hearths  or  the  backing  of  fire-places. 

In  places  between  Baphoe  and  Letterkenny  camstones  have 
been  found,  but  they  seem  to  be  only  used  for  local  purposes. 

In  the  townland  of  Oabrabrook,  E.  S.  E.  of  Church  Hill,  is  a 
oamstone  that  appears  to  have  been  quarried  formerly,  but  for 
years  the  quarry  has  been  filled  up. 

In  Carrowtrasna,  west  of  Lough  Akibbon,  and  over  two  miles 
northward  of  Church  HiU,  is  a  bed  that  has  been  mined  by  Mr. 
Duckworth  for  some  years,  and  sent  to  Liverpool,  to  be  used  in  the 
manufacture  of  lubricators;  but  on  his  death  a  few  years  ago  the 
industry  was  abandoned. 

Beds  of  camstone  associated  with  limestone  can  be  seen  in  dif- 
ferent places  in  the  hill  country  westward  of  Eilmaorennan,  but  it 
does  not  appear  to  have  been  worked  recently  except  to  get  day  for 
hearths.  At  Cloonkilly  there  was  a  large  working ;  it  is  probably 
the  locality  referred  to  by  Wilkinson 

There  is  a  bed  or  beds  to  the  north  and  north-east  of  Bamelton 
and  in  the  neighbourhood  of  Cam  it  has  been  worked  along  the 
surface  to  obtain  fireclay. 

Westward  of  Bathmullen,  in  the  townland  of  Meenreagh,  there 
is  a  bed  of  camstone. 


LIMESTONE  QUABBIES. 

[The  quarries  will  be  arranged  in  the  counties  placed  alphabetically  under  &air 
geological  group.  Generally  only  the  quarries  that  give  stones  fit  for  cut-stooe 
purposes  will  be  mentioned,  except  in  counties  where  limestone  for  burning  is  scarce^ 
under  which  circumstance  all  the  localities  are  given.  In  some  localities,  where 
quarries  are  scarce  or  altogether  absent,  limestone  boulders  are  found  in  the  drift,  and 
are  eoUected  along  the  sea-coast,  riyer,  and  streams;  while  in  other  places  sea-shsOs 
are  carried  inland  and  burned.  Tradition  says  that  lime  made  from  sea-sheUs  was  oisd 
as  a  medicine.] 

Antrim. 

In  this  count  J  there  is  no  Carboniferous  limestone  except  what 
occurs  as  subordinate  beds  in  the  Ballycastle  coal-field;  and  in 
4hese  no  quarry  of  any  note  seems  to  have  been  worked. 

The  Cretaceous,  or  White  Limestone,  occurs  round  the  margin  of 
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the  great  field  of  Cainozoio  dolorytes,  principally  near  the  ooast-line. 
Many  quarries  have  heen  opened  in  it,  generally  to  procure  stones 
for  lime.  As  the  White  Limestone  is  for  the  most  part  full  of  irre- 
gular cracks  and  joints,  it  cannot  be  finely  tooled  or  procured  in 
large  blocks ;  it  can^  however,  be  scrabbled  into  fair-sized  stones 
Buitable  for  rough  building.  A  house  built  of  the  White  lime- 
fltone,  with  quoins  and  dressing  of  the  black  doloryte,  has  a  dean 
but  quaint  appearance. 

In  pre-historio  times  the  chalk  flints  were  extensively  manu- 
factured into  weapons  and  other  articles  in  the  county,  or  were 
exported  into  the  neighbouring  counties.  Subsequently  they  were 
manufactured  into  gun-flints. .  The  latter  trade  has  now  died  out, 
although  still  found  profitable  in  parts  of  England. 

The  white  limestone  in  general  gives  a  good  and  cheap  lime» 
It  is  largely  quarried,  and  exported  to  the  opposite  coast  of  Scotland 
for  the  purpose  of  burning. 

At  Lame  and  Glenarm  the  white  limestone  is  extensively 
manufactured  into  whiting. 

Armagh. 

A  limited  tract  of  Carboniferous  limestone  occurs  across  the  north 
portion  of  the  county.  In  general  it  is  of  an  earthy  character,  in- 
clined to  be  shaly,  and  blackish-grey  in  colour,  except  at  Armagh. 

Armagh. — light  pinkish  grey,  yellowish,  and  shades  of  red. 
This  stone,  when  polished,  gives  out  a  warm  yellowish  colour ;  but 
when  dressed  with  the  tool  it  is  whitish.  It  is  used  as  marble,  and 
both  for  rubble  and  cut-stone  purposes.  Blocks  of  large  size, 
guitable  for  columns,  have  been  obtained,  while  the  thinner  beds  of 
red  shades  have  been  made  into  chimney-pieces  and  other  orna- 
mental work.  Formerly  these  quarries  were  very  extensively 
-worked  (see  Armagh  Marbles). 

Navan.  A  mile  from  Armagh. — ^Dark,  dull,  grey,  earthy; 
rather  difficult  to  work. 

Excellent  lime  is  abundant  at  Armagh,  and  a  good  lime,  made 
from  the  white  limestone  of  Co.  Down,  in  the  neighbourhood  of 
Luigan  and  Moira,  is  also  much  used. 

At  Benburb,  adjoining  the  Co.  Tyrone,  there  is  a  compact  blue 
Btone  that  malLes  hydraulic  lime.  It  waa  used  in  the  construction « 
of  the  Ulster  Canal. 
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Ca&low. 

In  this  oountj  the  greater  portion  of  the  Carboniferous  lime- 
stone is  a  dark  iron-grej  dolomyte,  of  a  frail  nature.  Near  the 
i;own  there  are  limestones  of  the  Calp  type,  some  of  them  being  in 
good  blocks.  The  quarries  in  the  latter  locality  have  been  worked 
more  for  the  marble  than  for  building-stones.  These  quarries 
have  been  already  mentioned  (see  Black  Marbles). 

BrownhilL  A  mile  north-east  of  Garlow. — The  stone  in  general 
is  dolomyte,  full  of  drusy  cavities  (geodes) ;  but  one  bed,  between 
4  and  5  feet  thick,  consists  of  grey,  compact,  and  fine-grained 
stone,  capable  of  being  dressed. 

In  general,  the  limestone  of  the  county  bums  into  ezcellent 
.lime. 

Oavan. 

Yery  little  good  limestone  for  building  purposes  can  be  ob- 
tained, except  at  the  extreme  south  of  the  county,  near  Liough 
Sheelin.  Formerly  some  quarries  were  open  here,  but  now  all 
stone  is  procured  from  the  Boss  Castle  quarry,  close  by,  in  the 
*Oo.  Meath.  Near  Cavan  some  small  quarries  have  been  opened, 
but  the  stone  is  not  generally  valued  for  tool-work. 

Belturbet. — ^Light  to  dark-grey,  fine,  crystalline,  but  splintery ; 
thick  and  thin-bedded.  Tools  fairly.  From  this  vicinity  were 
procured  the  stones  to  bmld  Crom  Castle,  on  Lough  Erne,  Go. 
Fermanagh. 

Mount  Nugent. — Quarries  were  formerly  worked  in  this  vicinity 
on  a  stone  of  good  quality.  They  are  now  closed  up,  as  all  stones 
required  can  be  more  easily  obtained  from  Boss  Castle,  Co.  Meath. 

A  fair,  strong  lime  is  made  from  the  Cavan  limestone.  In  the 
southern  portions  of  the  coimty  most  of  the  lime  is  procured  from 
the  neighbouring  counties. 

Ola&b. 
Throughout  most  of  the  barony  of  Burren  and  in  the  oountry 
near  Ennis,  there  are  large  tracts  of  bare  rock.  The  stone  is  of 
the  Burren  type,  and  is,  in  general,  of  excellent  quality ;  but  some 
beds  are  much  cut  up  by  joints;  others,  however,  are  not,  and 
from  these  stones  of  great  dimension  can  be  procured.     As  flie 
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limestone  can  be  worked  on  the  snrfaoe  in  so  many  plaoes,  veij 
few  quarries  have  been  opened :  the  stones  procured  at  some  depth 
ure,  however,  much  more  easily  worked  than  those  obtained  at  the 
jsnr&ce. 

JRosskcin.  One  mile  from  Ennis,  where  the  stone  is  exten- 
sively used. — Dark-grey,  semi -oolitic,  crystalUne,  and  close-grained. 
Works  freely :  but  as  the  stones  are  of  small  dimensions  they  are 
procured  at  Bushy  Park  when  required  for  larger  size. 

Bushy  Park,  Over  two  miles  from  Ennis. — Somewhat  like  the 
Hosslevin  stone,  but  can  be  raised  in  much  larger  blocks. 

Kilfenora.  Over  six  miles  from  Ennistymon,  where  the  stone 
has  been  largely  used. — Grey  to  dark-grey.  Rather  difficult  to 
work.  The  great  durability  of  the  stone  of  this  neighbourhood, 
and  its  capability  of  being  used  in  fine  work,  is  seen  in  the 
itncient  crosses  and  the  cut-stone  work  of  the  ecclesiastical  ruins. 
Ancient  work  in  Burren  stone  can  also  be  seen  in  the  ruins  of 
Gorcomroe  Abbey,  near  Ballyvaughan.  In  connexion  with  the 
latter,  the  tradition  in  the  country  is,  that  the  stones  were  procured 
in  a  cleft  south-east  of  the  summit  of  Moneen  mountain,  called 
'^  Scalp-na-Shesbia,"  but  this  seems  to  be  a  natural  ravine,  and  due 
to  weathering. 

In  the  south  and  south-east  of  the  county  quarries  have  been 
opened  in  various  places  for  local  purposes.  South  of  Newmarket- 
on-Fergus  there  is  a  quarry  in  a  red  or  reddish-grey  stone,  that 
was  used  in  the  building  of  Adare  Manor,  Co.  Limerick ;  it  has 
also  been  worked  for  marble. 

The  stones  of  this  county  make  excellent  and  cheap  lime. 
Along  the  south-west  coast  sea-shells  used  formerly  to  be  burnt 
for  lime. 

Cork. 

In  comparison  with  the  extent  of  the  county,  there  is  not  much 
Carboniferous  limestone  in  it.  It  principally  occurs  in  the  valley 
of  the  Lee,  near  Cork,  and  thence  eastwards  to  Youghal ;  also  in  the 
valley  of  the  Blaokwater.  Many  of  these  stones  are  remarkable 
for  their  beauty.  Maoaulay  has  made  the  beautiful  stone  of  which 
£he  Courthouse  of  Cork  is  built  historioaL 

Aherla.  About  nine  miles  north  of  Bandon. — ^Ldght-grey^ 
plafy,  very  easily  worked ;  can  be  lawn  with  advantage,  and  large 
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flat  stones  oan  be  prooured.  On  aooount  of  the  great  ease  with 
wliich  this  stone  can  be  raised  and  worked,  it  is  cheap,  and  has  a 
oooaderable  sale,  even  in  Cork,  nineteen  miles  distant. 

Ballintemple  and  Carrigmore. — ^Three  miles  from  Cork.  Light- 
grey,  close,  even-grained,  and  compact;  works  well  and  freelj. 
This  stone  has  been  used  extensively  in  the  public  buildings  in 
Cork ;  among  others  in  the  Courthouse,  as  mentioned  by  Macaulay. 
The  capitals  of  the  colunms  of  the  portico  are  well  executed. 

SaulbowUne, — light-grey,  not  very  easy  to  work;  oan  be 
raised  in  large  blocks.    Used  in  building  the  new  docks. 

Little  Island. — ^light-grey,  close-grained,  and  compact ;  woiks 
freely.     "Was  extensively  used  for  the  fortress  at  Spike  Island. 

Carrickaerump  and  Ballyfin, — ^Near  Cloyne,  and  about  twfflity 
miles  by  water  from  Cork.  The  stone  is  carted  to  Aghada  for  ship- 
ment. Very  similar  in  character,  except  as  regards  colour,  to  the 
Ballintemple  stone,  with  which  it  does  not  contrast  well.  The  Bank 
of  Ireland  in  Cork  was  built  of  stone  from  this  place.  It  can  be 
raised  in  very  large  blocks,  and  can  be  more  easily  sawn  and 
worked  than  any  other  Umestone  in  the  neighourfaood  of  Coik 
Harbour.  Ballyfln  is  about  a  mile  from  Carrickaerump,  and  the 
stone  there  has  not  been  as  largely  worked. 

Fermoy. — ^Light  bluish-grey,  compact,  but  of  variable  texture. 

Bamaher  (Kanturk). — ftrey,  compact,  very  fossiliferous ;  not 
easy  to  tool,  on  account  of  the  fossils. 

Midleton. — Gbeyish-blue,  inclined  to  reddish,  compact,  semi- 
orystalline,  uneven  in  texture.    TELaa  been  worked  as  a  marble. 

Shanbally.  Near  Cairigaline. — Light-grey,  of  a  flaggy  nature; 
an  excellent  stone  for  rubble  work ;  not  so  good  for  dressed  work. 

Fairlane.  Near  Mallow. — ^light-grey,  compact  to  splintery; 
close-grained ;  works  fairly. 

Df-ishane.  Two  miles  north-east  of  Millstreet. — Grey,  compact, 
but  in  places  having  drusy  cavities;  works  fairly  well;  quarried 
very  largely  for  lime. 

Carraundulkeen.  Three  miles  south  of  Kanturk. — ^Dark-grey, 
crystalline;  semi-compact ;  works  well ;  very  largely  quarried  for 
lime. 

In  the  limestone  areas  the  lime,  as  a  rule,  is  excellent  and 
cheap.  At  Kinsale  there  is  a  bad  lime  brought  into  the  town. 
In  places  along  the  coast  sea-shells  used  formerly  to  be  burnt 
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The  dolomjtes  of  this  oountj  have  been  utilized  for  the  mann- 
f  aotnre  of  fluid  magnesia. 

DONBOAL. 

The  areas  of  Oarboniferous  rook  are  of  very  limited  extent,  the 
largest  being  that  in  whioh  Donegal  and  Balljshannon  are 
situated.  At  Pettigoe  there  is  a  little  strip  outside  the  mearing  of 
Fermanagh.  There  are,  however,  in  various  places  among  the 
metamorphio  rooks  (Ordovioian  and  Cambrian),  beds  and  patches 
of  the  older  limestone.  Some  of  these  are  well  suited  for  cut-stone 
work.  The  cut  stone  in  the  little  church  of  Glenalla,  near  Bath* 
mullen,  is  from  this  class,  and  has  a  remarkably  good  appearance, 
and  seems  to  be  durable.  The  white  and  shaded  whites,  of  which 
there  are  many  varieties,  are  capable  of  being  polished,  and  might 
be  worked  as  marble ;  but  almost  invariably  they  are  more  or  less 
coarsely  crystalline ;  or  when  fine-grained  and  compact,  they  are 
thin-bedded  and  full  of  joints,  preventing  their  being  raised,  except 
in  small  pieces.  These  causes  deteriorate  their  value,  and  prevent 
their  being  able  to  compete  with  the  Italian  stone. 

In  the  Metamorphio  Bocks  (Cambrian  (P),  Arenig,  and  Ordo- 
vioian) limestones  occur  at  the  following  places : — 

Ballymore.  Four  miles  from  Dunfanaghy. — Creamy  white,  in 
places  clouded  with  brown,  or  having  brown  portions;  highly 
crystalline ;  polishes  well.  Has  been  used  as  a  marble.  Difficult 
to  work,  but  an  excellent  material  for  all  cut-stone  purposes. 

Marble  Mill  or  Olatsheen.  Two  and  a-half  miles  from  Dun- 
fanaghy.— Pink  and  white,  of  a  delicate  colour,  but  with  imbedded 
clouds  of  grey ;  crystalline  and  slightly  schistose. 

Bock  Mill. — One  and  a-half  miles  from  Dunfanaghy.  Whitish* 
grey,  slightly  crystalline,  in  parts  pyritous  and  micaceous,  making 
the  stone  liable  to  discolour. 

^iVi<?/^ri«.— Nearly  a  mile  from  Dunfanaghy.  White,  with 
greyish  tint ;  highly  crystalline ;  fracture  smooth. 

Dtmletcey.  Six  miles  E.  8.E.  of  Gweedore. — White  and  pink* 
tinted  creamy  white ;  blue,  and  green-tinted.  At  the  western  end 
of  the  seam  there  was  a  hard,  white  crystalline  rock,  very  durable, 
as  seen  in  the  church  close  by,  where  it  has  not  even  lost  colour.. 
This  stone  was  not  followed  in  depth.  The  creamy  and  tinted 
varieties  in  the  eastern  portion  of  the  quarry  are  in  vexy  thin  beds^ 
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And  are  so  broken  np  by  joints  that  they  cannot  be  raised  except 
in  very  small  pieces. 

Lettevy.  Over  two  miles  from  GHenties. — light  whitish-grey, 
silioions,  and  micaceous.  In  this  vicinity  are  other  quarries  from 
which  similar  stones  can  be  procured. 

Fintotcn.     To  the  north  of  Lough  Finn. — ^White  to  greyish 
orystalline. 

Glenveagh.  A  little  south-east  of  the  Castle. — ^WJiite :  highly 
<sry8talline.  Only  the  surface  of  this  bed  has  been  opened.  Here 
it  is  friable  and  much  cut  up  by  joints.    Stone  untried  in  depth. 

Lough  Akibbon  (Garion).  Over  two  miles  north  of  Church  HilL 
— White  and  pinkish,  soKd,  fine,  crystalline;  polishes  well;  seems 
•capable  of  being  raised  in  large  blocks.  Appears  to  be  an  excellent 
material  for  all  cut-stone  purposes ;  but  as  yet  the  quarry  has  only 
been  very  partially  tried. 

Drumlakagh.  Nearly  three  miles  eastward  of  Creeslough.— 
White  and  grey- tinted ;  crystalline ;  thick  and  thin-bedded.  Could 
be  raised  in  fair-sized  blocks.  Not  at  present  worked,  except  for 
lime. 

Ardanatcark,  Two  miles  north-east  of  Lough  Salt,  in  the  hills 
north-east  of  Kilmacrennan. — ^White  and  pinkish,  highly  and 
<x)arsely  crystalline.  Can  be  raised  in  large  blocks.  Appears  to 
be  well  suited  for  tool- work,  but  at  present  only  worked  for  Ume. 
Polishes  well  and  easily. 

Magheraboy.  Three  miles  south-east  of  Letterkenny. — White 
to  pinkish;  very  crystalline.  This  stone  seems  to  be  totally 
unworked,  although,  from  its  appearance,  it  ought  to  give  good 
lime,  and  be  suitable  for  cut-stone  purposes.  As  it  is  near 
Letterkenny,  in  which  neighbourhood  there  is  no  stone  of  any 
kind  suitable  for  tool- work,  this  seems  worthy  of  a  trial. 

Cloghroe.  Two  and  a-half  miles  from  Stranorlar. — Bluish-grey 
and  white;  crystalline  ;  partly  schistose. 

Cullanacon.  Two  miles  west  of  Convoy. — Greyish-white  and 
pink- shaded ;  crystalline  ;  thin-bedded,  with  schistose  partings. 

Kiltole.  Nearly  a  mile  east  of  Convoy. — White  to  pinkish; 
compact ;  crystalline.    A  good  stone,  but  thin-bedded. 

Magkera-8ollu8.  A  mile  E.N.  E.  of  Eaphoe. — White  and 
greyish- white ;  compact ;  crystalline ;  thin-bedded,  with  schistose 
partings. 
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Crauford.  Four  miles  northward  of  Milford,  on  Mulroy  Bay. 
—Light  to  dark  bluish-grey ;  compact  to  shattery ;  crystalline ; 
in  part  schistose ;  makes  excellent  lime. 

Kindrumlough.  A  little  west  of  Kindrum  Lodge,  in  Fanad- 
within-the- Waters. — White  to  creamy  white ;  coarsely  crystalline 
to  compact ;  shattery,  but  seems  to  be  suited  for  tool- work.  As 
yet  untried.  Surface-pieces  polished  well,  but  were  shattery  and 
facial 

Tamney.  West  of  Croaghan  House. — ^A  dolomyte  of  a  Sienna 
<iliaracter.  Untried,  but  appears  too  gritty  and  irregular  to  be  of 
much  yalue. 

Kintale. — ^A  mile  and  a-half  northward  of  RathmuUen,  on 
Lough  Swilly.  Bluish-grey,  in  part  earthy  and  in  part  micaceous. 
Works  easily ;  can  be  raised  in  large  blocks.  One  black  bed  has 
been  locally  used  as  a  marble. 

Hill  Read.  Four  miles  from  Camdonald. — ^Dark  blue  to  grey ; 
finely  crystalline.  This  stone  has  its  peculiarities ;  because  when 
first  raised,  it  is  soft  and  crumbly,  but  afterwards  it  hardens  into  a 
good  stone. 

Various  other  detached  masses  occur  also  in  difiEerent  places  in 
the  hills,  but  it  is  imnecessary  to  enumerate  them. 

Good  or  fair  stone  in  [the  Carboniferous  is  recorded  as  fol- 
lows:— 

Ballyshannon. — Brownish-grey  to  dark  greyish-blue  ;  earthy; 
eompact ;  semi-crystalline ;  works  freely. 

Donegal. — Greyish-black ;  very  earthy,  the  calcareous  matter 
being  very  small.     Not  much  used. 

The  Carboniferous  limestones  near  Donegal  and  Ballyshannon 
bum  into  a  good  lime.  The  older  limestones  Ordovidan  and  Cam- 
hrian,  are  very  generally  used,  the  lime  being  nearly  invariably  dark- 
coloured,  but  strong.  Some  of  the  white  varieties,  however,  give  a 
white  lime.  A  peculiarity  of  some  of  these  limestones  is,  that  when 
they  are  used  as  road-metal,  the  road  becomes  plastic  in  continuous 
wet  weather,  becoming  again  quite  hard  when  it  is  warm  and  dry. 

Down. 

This  is  one  of  the  Irish  counties  in  which  there  is  scarcely  any 
Carboniferous  limestone.  It  occurs  only  in  a  small  tract  at  Castle 
fspie,  two  miles  south-east  of  Comber,  and  in  the  extreme  south 
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mA  of  ih»  oouDtj  at  fhe  entrance  to  Garlingf oid  LoagL  Th» 
ifane  at  Outle  Eqde  ia  iroiked  solelj  for  lime. 

At  Coltn,  on  Belfast  Lough,  a  little  CarboniferoiiB  limestone^ 
aaaooiated  with  Permian  dolomyte,  ooours  below  high  water-mark 

Cretaoeons,  or  the  White  Limestone,  occurs  in  the  west  of  tlifr 
count  J,  in  the  north-west  slope  of  the  valley  of  the  Lagan.  It  is 
wotked  largely  for  lime  in  the  neighbourhoods  of  Moira  and  Lu^ 
gan.  It  is  too  brittle  and  jointed  to  be  finely  tooled  or  procured 
in  large  Uooks,  but  it  can  be  squared  by  soabbling  into  blotb 
suitable  for  rough  masonry . 

lime  in  this  county  is  scarce,  most  of  it  being  imported.  It  is 
procured  from  the  Carboniferous  limestone  atCa£tle^Espie,and{rom 
the  White  Limestones  of  the  Lagan  Valley.  Li  places  on  the  coast 
aea-shells  were  formerly  burned  into  lime. 

The  Pennian  dolomyte  of  Cultra,  on  Belfast  Lough,  was  fonnerly 
utiliied  by  being  exported  to  Glasgow  for  the  manu&ctuie  of  sol- 
phate  of  magnesia. 

Dublin. 

Nearly  all  the  limestone  in  this  county  is  more  or  lees  of  the 
Oalp  type,  and  Taries  greatly  in  character.  In  general  it  ia  only 
suitable  for  rubble-work ;  but  as  it  can  be  raised  in  large  sizes  it  is 
TaluaUe  for  foundations.  Some  beds  make  good  lime,  while  ad- 
joining beds  may  not  bum  at  all. 

The  best  stones  occur  near  Lucan  and  Leizlip,  near  the  mearing 
of  the  Co.  Eildare,  from  whence  they  were  procured  for  the  Cue- 
tom  House  Bocks.  Calp  limestone  was  also  used  in  the  building  of 
the  old  church  in  Mountjoy-street  and  the  old  Christ  Church  Cathe- 
dral, while  the  latter  was  repaired  by  Calp  brought  from  Ealhgar 
and  Kimmage.  For  many  of  the  old  buildings  the  stones  were  so 
badly  selected,  that  they  are  now  weathered  into  rotten  shaly  or 
earthy  masses. 

In  the  north  part  of  the  county  there  are  stones  of  a  coaiselj- 
orystalline  character,  not  well  suited  for  tool- work,  but  capable  of 
being  raised  in  very  large  blocks. 

Miivertan. — This  and  other  quarries  occur  in  the  neighbourhood 
of  Skerries.  Grey,  coarsely  crystalline,  compact,  and  even-bedded^ 
'^iher  hard  to  tool,  and  not  well  suited  for  fine  work ;  but,  on  ac- 
count of  its  strength  and  the  possibility  of  procuring  it  in  large 
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Hockfi,  it  is  suitable  for  massive  work.  Prom  this  were  obtained  the 
large  cap-stones  for  the  pillars  of  the  Boyne  Viaduct.  They  were 
also  extensivelj  used  in  the  construction  of  the  Lighthouse  on 
ilockabill. 

Donnybrook  and  Miltoim. — ^Here  formerly  were  extensive  quar- 
rieSy  principally  in  the  river  and  to  the  eastward  of  it,  but  now 
they  are  very  little  worked.  Dark-grey  to  blackish,  earthy; 
suited  for  foundations  and  rubble-work,  but  not  for  cut-stone.  It 
was,  in  a  great  measure,  the  use  of  the  Donnybrook  Oalp  in 
repairing  the  streets  that  got  for  Dublin  the  soubriquet  of  "  dear, 
^dirty  Dublin." 

jBa/%flr.--From  pale  to  dark-grey  and  blackish ;  from  thick- 
l)edded  to  good  flags.  This  quarry  was  once  extensively  worked. 
The  ordinary  stones  were  good  for  rubble- work,  and  the  flags  of  a 
Tery  fair  quality.  The  best  beds,  being  nearly  equal  to  the 
"**  Carlow  flags,"  were  extensively  used. 

Kimmage  and  Crumlin.— -The  stones  in  these  quarries  are  more 
or  less  similar  to  those  at  Donnybrook,  Miltown,  and  Bathgar. 
These  supply  to  a  great  extent  the  rough  and  foundation  stones 
now  required  in  Dublin. 

Ballymacauly  and  Collierstown. — On  the  Boyal  Canal,  between 
licixlip  and  Lucan.  From  these  quarries  were  taken  the  stones  to 
build  the  Dublin  Custom-house  docks.  Formerly  very  exten- 
sively quarried. 

lime  from  the  Calp  is,  in  general,  dark-coloured  and  inferior, 
«ome  beds  being,  however,  very  good.  A  great  deal  of  the  lime- 
stone used  in  Dublin  for  lime  is  brought  from  the  neighbourhood  of 
81ane,  Co.  Kildare. 

At  the  present  time  the  limestone  which  appears  to  be  most 
approved  of  by  the  Dublin  builders  is  the  Ballinasloe,  Co.  Ghdway, 
stone,  which  can  be  seen  in  the  Hibernian  and  Mimster  (Head- 
ofKce)  Banks ;  next  to  it  the  TuUamore,  King's  County,  the  latter 
being  much  in  request  for  monumental  purposes,  and  was  used  in 
the  monument  at  Glasnevin  to  the  late  Under-Secretary,  Mr. 
Burke.  The  Ardbraccan  stone,  Co.  Meath,  although  it  has  a 
good  appearance  when  finished,  is  soft,  and  does  not  keep  its 
^our ;  and  with  it  is  classed  the  Boss  Castle  stone,  Co.  Meath ; 
but  the  stone  from  the  neighbouring  quany  at  Crossagh,  although 
ooaner,  is  more  favourably  thought  of.    The  Milverton  stone,  near 
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SkerrieSy  works  easily,  but  is  full  of  verts  and  defects.  The  Sheep* 
house  stone,  near  Drogheda,  was  used  in  the  restoration  of  Christ 
Church  Cathedral,  although  it  has  the  reputation  of  being  of  a 
soft,  poorish  class. 

Fermanagh. 

In  the  centre  of  the  county,  forming  the  valley  of  the  river 
and  the  two  loughs  Erne,  there  is  a  considerable  tract  of  Carbo- 
niferous limestone;  but  in  some  places  the  stone  is  of  a  bad 
quality,  not  being  even  fit  for  lime-burning.  Where  good  stone 
does  occur,  it  is  not  as  much  sought  after  as  in  other  counties,  the 
sandstone  being  of  good  quality,  and  very  generally  used  for 
dressed  work.  In  the  erection  of  Crom  Castle,  the  seat  of  the 
Earls  of  Erne,  limestone  from  Belturbet,  Co.  Cavan,  was  used; 
but  the  quoins  and  dressings  are  of  sandstone.  Most  of  the  public 
buildings  in  Enniskillen,  as  also  in  the  other  towns,  are  built  of 
limestone. 

Kinarla.  About  a  mile  and  a-half  by  water  from  Enniskillen. 
— ^Dark-grey;  not  a  sound  stone ;  was  used  in  building  the  church 
and  part  of  the  Boman  Catholic  church  in  Enniskillen ;  also  by 
the  Ordnance  Department. 

Derrygon.  Half  a  mile  from  Enniskillen,  on  the  lake  shore. — 
Dark-grey,  compact,  good  quality ;  used  in  the  gaol  and  the  new 
bridge  built  by  the  Drainage  Board. 

Mullaghree.  Two  miles  from  Enniskillen. — light-grey,  sound,, 
tough,  flat-bedded. 

Carrickreagh,  Five  miles  by  water  from  Enniskillen. — Dark- 
grey  to  black,  of  excellent  quality ;  polishes  weU ;  has  been  used 
extensively  in  Enniskillen;  lately  in  the  new  cemetery  church,, 
and  as  quoins  and  dressings  in  the  Boman  Catholic  church ;  also^ 
used  for  tombstones. 

Kesh.  One  mile  from  the  town. — Dark-grey,  fairly  compact,, 
even-bedded,  with  shale  partings ;  used  in  the  railway  bridges  and 
in  the  bmldings  of  the  neighbourhood. 

Edemy. — Similar  stone  to  that  at  Eesh ;  Market-house  built 
of  it. 

Belleek, — At  the  Falls.  Dark-grey,  crystalline,  compact,  and 
close-grained;  used  in  building  Belleek^ Works. 

Lusnaskea. — Dark- grey,  good,  sound,  well-bedded  stone,  but 
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difficult  to  work  with  took,  owing  to  layers  of  ohert  in  it.  The 
Market-house  and  Bailway  Station  are  built  of  it. 

Netctoumbutkr. — Bluish-grey,  semi-crystalline,  compact,  earthy; 
Market-house  built  of  it. 

During  the  recent  works  for  the  drainage  of  Lough  Erne  they 
exoayated  into  a  dark  compact  limestone  at  Belleek  Ford^  which 
was  used  in  the  works  thereabouts  ;  while  the  new  west  bridge  of 
Enniskillen  is  built  of  the  stone  quarried  while  cutting  away  the 
JPortora  Ford. 

Some  of  the  limestones  are  too  earthy  to  bum  into  lime,  but 
good  strong  lime  is  plentiful  and  cheap  in  the  county,  the  best 
stones  being  procured  westward  of  the  lakes.  A  stone  at  Castle 
Caldwell  gives  a  hydraulic  lime. 

Galway. 

This  county  produces  excellent  limestones,  suited  for  all  cut* 
stone  purposes,  as  they  belong  both  to  the  older  formations  and 
to  the  Carboniferous.  In  the  older  formations  {Ordovician  and 
Cambrian)  y  there  are  stones  suitable  both  for  tool-work  and  marble, 
iu  shades  both  of  white  and  green.  Those  of  green  colours  are 
unsurpassed  elsewhere  as  marbles ;  but  the  whites,  on  account  of 
their  coarseness  or  other  peculiarities,  have  not  a  forward  place  in 
the  market.  All  these  stones  except  the  greens  are  more  or  less 
burnt  for  lime,  some  being  better  than  others. 

At  Sabock,  Derreennasliggaun,  and  Leenaim,  in  the  north 
part  of  the  county,  there  are  Silurian  limestones.  Some  of  those 
at  Derreennasliggaun  are  reddish,  and  have  been  used  as  a  marble. 

The  Carboniferous  limestones  occupy  all  the  eastern  portion  of 
the  county,  being  nearly  altogether  either  of  the  Calp  or  Burren 
types,  principally  the  latter.  Those  of  the  Burren  type  are  most 
conspicuous  in  the  long  tract  that  to  the  north  enters  the  county 
from  Mayo  at  Lough  Mask,  and  extend  southwards  to  G-alway, 
and  from  that  to  the  barony  of  Burren,  Co.  Clare.  In  these  crags, 
in  numerous  places,  superior  rocks  can  be  obtained ;  and  the  sur- 
faoe  rocks  in  many  places  are  worked ;  but  necessarily  they  are  not 
as  easily  tooled  as  in  places  where  a  quarry  has  been  opened.  They 
are  of  different  shades  of  grey  and  blue,  with  subordinate  black 
beds.  From  the  latter  some  of  the  best  black  marbles  in  the 
world  have  been  obtained. 
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The  limestones  of  this  portioii  of  Galwaj,  as  also  of  the 
adjoining  parts  of  Mayo  and  Glare,  are  so  eminently  suited  for  all 
out-stone  purposes,  that  now,  as  in  former  years,  they  are  used  to 
the  ezoluflion  of  all  other  stones,  although  in  the  neighbourhood 
of  the  town  the  granites  are  unsurpassed  in  beauty,  variety,  and 
quality. 

The  great  durability  of  the  Galway  limestone,  and  the  detioat^ 
workmanship  of  whioh  they  are  capable,  are  displayed  in  the 
various  old  eoolesiastioal  structures  about  the  oountry,  and  also  in 
the  eleventh-oentury  buildings  in  the  town  of  Ghalway ;  which  are 
still  very  perfect,  notwithstanding  the  rough  usage  to  whioh  they 
have  been  subjected.  Some  of  the  pillars  and  other  fine  work  in 
the  Abbey  of  £nockmoyne,  Ballyglunin,  are  still  most  beautifuL 

The  best  stones  of  Ordovidan  and  Cambrian  ages  are  recorded 
at  the  following  localities : — 

Streanutawn.  About  two  miles  north  of  Glifden. — ^Variegated 
and  streaked  green ;  worked  for  marble. 

Creggs.  About  four  miles  east  of  Streamstown. — ^White  to 
creamy  white;  and  coarsely  crystalline  to  compact  and  fine- 
giained;  eminently  suited  for  delicate  cut-stone  purposes,  but 
cannot  be  procured  in  very  large  blocks;  has  been  worked  for 
mnrbles. 

Clifden,  In  the  vicinity  are  limestones. — ^Bluish-grey  or  do?e- 
coloured ;  more  or  less  schistose ;  and  difficult  to  work. 

Barnaoran. — The  **  Ballynahinoh  marble  quarries,"  in  the  valley 
of  the  Owenmore.  Green  and  variegated;  worked  for  marble. 
The  colours  of  the  stone  are  very  delicate  and  fugitive,  which 
makes  it  unsuitable  for  any  outside  work. 

Derryclare.  Adjoining  the  lake.— White,  or  with  a  greyish 
tint ;  crystalline ;  compact ;  easily  worked ;  but  rises  in  unshapely 
blocks,  which  causes  a  waste  in  dressing.  Was  quarried  some 
years  ago  by  the  Martins  of  Ballynahinoh. 

Liscughter.  Near  the  village,  one  mile  from  Recess. — Qreen 
and  variegated  ;  solely  worked  for  marble. 

Other  stones  of  shades  of  green  and  white  are  already  described 
in  the  Usts  of  G-alway  marbles. 

Of  the  innumerable  Carboniferous  limestone  localities,  the 
followiag  may  be  specially  mentioned : — 

OaluHiy. — To  the  north-east  of  the  town,  between  it  and  Man- 
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lough,  are  extensive  crags.  The  portion  at  the  snrfaoe  has  been 
worked  in  different  places,  wherever  the  stone  took  the  fancy  of 
the  stonecutter.  A  few  quarries  have  been  opened.  Whitish  to 
grey  and  blue,  with  subordinate  black  beds ;  crystalline ;  compact ; 
fine-grained.  Suitable  for  all  kinds  of  cut-stone  work ;  while  the 
black  beds  are  superior  marble.  It  would  appear  as  if  a  remune- 
rative trade  in  their  stone  to  England  and  elsewhere  might  be  deve- 
loped, as  the  limestone  is  of  such  excellent  quality,  while  the  freight 
ought  to  be  low  on  account  of  so  many  ships,  trading  to  the  west 
•ooast,  having  to  return  in  ballast. 

Angliham  and  Menlough.  About  three  miles  north  of  Qalway . — 
Worked  for  the  marble  beds. 

Two-mile  Ditch.  Two  miles  from  Galway. — ^Bluish-grey ;  crys- 
talline ;  uneven-grained  ;  easily  worked. 

Qot*tveragh.  About  one  mile  E.  8.  E.  of  Oughterard. — ^Dark- 
grey  to  black.  Formerly  worked  by  the  Martins  of  Ballynahinoh 
for  marble.  In  this  vicinity,  and  north-westward  to  Oughterard, 
there  are  good  stones  in  various  places  suited  for  tool-work.  A 
•quarry  was  formerly  worked  in  Greggs,  from  which  good  black 
jstones  were  procured,  one  forming  the  flag  at  the  hall-door  of 
Lemonfield  House,  the  seat  of  the  O' Flaherties. 

Arran  Islands. — Great  sheets  of  limestone  of  different  shades  of 
grey  and  blue ;  superior  stone.  On  the  north  island,  or  Arran- 
more,  some  of  the  beds  are  of  considerable  thickness,  and  without 
joints  for  lengths  of  150  feet  to  200  feet  or  more,  out  of  which 
.great  monoliths  might  be  procured. 

Newtown.  Two  miles  from  Gort. — Bluish-grey ;  close-grained ; 
fosfiiliferous ;  works  freely. 

Ballyleigh,  near  Gort. — A  fine  black  stone,  formerly  worked  as 
4k  marble. 

Castleboy.  Between  Gort  and  Loughrea. — ^Bluish-grey  to  grey ; 
not  di£Scult  to  work. 

Craughwell.  Seven  miles  from  Loughrea. — Bluish-grey  ;  an 
'easily- worked  stone. 

Brackernaghj  Ballinasloe. — ^Ldght  to  dark-grey ;  close-grained, 
•ciystalline ;  hard  ;  an  excellent  stone ;  polishes  well ;  can  be  raised 
in  large  blocks;  worked  as  a  marble;  used  very  extensively  in 
Dublin  for  all  kinds  of  cut-stone  purposes ;  carriage,  in  waggon 
loads,  about  7s.  %d,  per  ton. 
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Workhouse  (Ballinadoe). — Slight  bluish-grey,  orystalliiie,  oom- 
pact,  hard ;  a  good  stone ;  difficult  to  work. 

Kilroe, — Nine  miles  from  Tuam.  Bluish-grey ;  elose-graiiied» 
•emi-crystalline ;  splintering  in  fracture ;  works  well.  From  heie^ 
were  procured  the  blocks  for  the  cut  stone  for  the  R.  C.  Cathedral 
of  Tuam. 

Workhouse  (Tuam). — Bluish-grey,  crystalline,  uneven-grained: 
smooth  fracture. 

Cong. — In  the  vicinity  of  Cong,  in  the  counties  Galway  and 
Mayo,  there  are  extensive  crags  of  excellent  stone,  capable  of  being 
procured  of  any  size,  and  the  stones  of  some  beds  taking  a  good 
polish.  It  is  suitable  for  all  cut-stone  purposes.  The  cut-stone 
work  in  the  ancient  abbey  at  Cong  attests  its  durability,  and  the 
fine  class  of  work  it  can  be  applied  to.  Some  of  these  stones  aie 
capable  of  being  split  into  long  beam-like  masses,  suitable  for 
bridges,  for  which  purposes  they  have  been  used. 

The  Carboniferous  limestone  gives  an  excellent  lime.  The  Silu* 
rian  limestones  at  Salrock,  Derrynasliggaun,  and  Leenann,  do  not 
appear  to  have  been  much  used,  while  the  metamorphic  limestones 
give  a  strong  dark-coloured  lime,  but  a  small  return.  For  thia 
reafion,  in  the  west  and  north-west  of  the  country  Carboniferous 
limestone  is  generally  procured  either  from  the  Arran  Islands  or 
from  Clew  Bay,  Co.  Mayo.  In  old  times  sea-shells  were  burned  for 
lime  along  the  Connemara  ooast. 

Kerry. 

The  Carboniferous  limestone  occupies  a  considerable  area  in  the 
eastern  portion  of  the  county,  including  a  small  isolated  tract  near 
Kenmare.  It  is  of  various  characters,  being  cleaved  or  slaty  near 
Kenmare,  while  to  the  north  it  partakes  of  the  characteristic  both  of 
the  Calp  and  Lower  limestone,  except  at  the  Lakes  of  Killameyf 
where,  in  general,  it  is  more  or  less  slaty  like  that  of  Kenmare. 
This  slaty  stone  was  used  in  the  building  of  the  Abbey  of  Muck- 
ross,  and  furnished  some  very  well-finished  work.  Limestone  of 
Ordovician  age  occurs  on  Caherconree  in  the  Dingle  promontory. 
In  the  Carboniferous  the  stones  best  known  are  as  follows : — 
Kenmare. — Grey  and  blue ;  slaty ;  difficult  to  work  across  the  beds; 
can  be  made  into  good  jambs,  window-sills,  and  such-like,  espe^ 
oially  if  sawn  across  the  grain. 
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Lisaviggeen  and  Gahirnagher.  About  three  miles  from  Killamey  ► 
— Grey,  crystalline,  even-grained,  hard,  but  works  well.  These^ 
quarries  chiefly  supply  Killamey  with  all  cut  and  rubble  stone. 

ListoiceL — ^Dark-grey,  compact,  earthy;  works  freely.  This 
quarry  has  been  largely  worked  for  years,  supplying  stone  to  all  the 
neighbourhood.  The  upper  beds  are  a  bad-class  stone,  but  the  lower 
are  fit  for  any  purpose,  and  with  care  can  be  raised  of  large  sizes. 

Ballinageragh. — Six  miles  west  of  Listowel.  Dark-grey  to  black.. 
Grood  for  all  cut-stone  purposes.  One  bed  black,  mottled  with  white,. 
was  formerly  worked  for  marble. 

Bathos  (Tralee). — A  coarse,  cherty  stone,  but  useful  for  rough 
squared  work. 

Bally macelligot. — About  six  miles  from  Tralee.  Bluish-grey, 
olose- grained;  partly  earthy;  f ree- working ;  has  been  very  exten- 
sively used  in  Tralee  in  the  public  and  private  buildings. 

Oood  and  cheap  lime  is  made  from  the  Carboniferous  limestone. 
The  Ordovician  limestones  of  Caherconree,  Dingle  promontory,  are- 
also  used  for  lime. 

ElLDARE. 

Although  most  of  this  county  is  situated  in  the  great  Carbo- 
niferous tract  of  the  central  plain,  none  of  the  limestones  that  have 
been  quarried  are  particularly  well  suited  for  cut-stone  purposes^ 
the  best  stones  being  procured  near  Celbridge  and  Leixlip,  ad* 
joining  the  Co.  Dublin — stones  that  have  been  already  described. 
Here,  as  elsewhere,  all  the  quarries  that  have  been  opened  are  in 
stones  of  the  Calp  type,  except  those  near  Slade  and  Sallins,  which, 
however,  have  been  almost  entirely  worked  for  the  purpose  of 
being  sent  to  the  Dublin  market  for  burning  into  lime. 

Lime  is  very  plentiful  and  good,  the  Calpy  stone  being  in 
general  burnt,  or  else  boulders  got  in  the  Drift.  At  the  Chair  of 
Kildare  there  are  Ordovician  limestones,  which  are  also  burnt; 
but  the  lime  firom  the  Carboniferous  limestone  is  preferred. 

Kilkenny. 

In  Kilkenny  there  is  a  considerable  area  of  Carboniferous- 
limestone,  the  rock  in  many  places  being  of  a  class  fitted  for  all 
oat-stone  purposes.  The  ordinary  stone  is  usually  in  shades  of 
dark-grey  and  blue,  varying  from  close-grained  to  open-grained,. 
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very  tough,  but  working  freely.  It  is  very  durable  and  strong,  as 
exemplified  in  the  different  anoient  buildings,  as  well  as  in  the 
more  modem  structures.  Almost  everywhere  it  oan  be  procured 
in  whatever  sizes  may  be  required.  Wyley  has  pointed  out  that» 
in  Jerpoint  Abbey  and  elsewhere,  where  a  slight  pillar  had  to 
support  a  great  weight,  limestone  was  used  in  place  of  sandstone. 
Associated  with  the  ordinary  limestone  are  creamy  dolomytes. 
These  have  been,  in  general,  ignored  by  the  modem  builders,  but 
■some  of  them,  at  least,  are  good  and  durable  stones.  In  the  base, 
and  notably  in  the  jambs,  of  the  doorway  of  the  Bound  Tower  of 
48t.  Canice,  Kilkenny  (9th  century),  this  stone  was  used,  inter- 
mingled with  sandstone.  They  have  stood  well;  and,  although 
showing  the  cavities  so  common  in  these  stones,  have  not  weathered. 
Most  of  a  large  flour-mill  at  Bockview,  Inisnag,  is  built  of  this 
<5reamy  dolomyte,  from  a  quarry  on  the  opposite  side  of  the 
King's  River. 

Callan^  Urlingford',  Qowran^  and  Thomastown, — Quarries  in  the 
vicinity  or  neighbourhood  of  these  different  towns.  Grey  and 
blue  limestones,  suitable  for  all  sort  of  cut-stone  purposes. 

Bonnetrathf  Black  Qaarry^  St.  Kyran^a^  Templeniartin^  Archer  i 
Orove,  Sion  Souse. — These  quarries  are  all  in  the  neighbourhood 
of  Kilkenny,  and  give  stones  more  or  less  favourable  for  cut-stooe 
purposes.  Tlie  Black  Quarry  and  that  at  Sion  House  (now  filled 
in)  were  quarried  principallj  for  the  marble  beds  (see  Marbles). 

Ballykilaboy^  Ballykeaghan^  and  Oranny. — ^These  quarries  are 
situated  in  the  south  of  the  county,  near  Kilmaoow  and  the  Biver 
fluir ;  they  are  principally  worked  to  supply  stones  to  the  oountie^ 
Waterford  and  Wexford.  €h:ey,  crystalline,  fine  to  coarse-grained; 
-easily  worked ;  take  a  good  poUsh.  The  best  stone  oan  be  pro- 
oured  at  the  first  and  second  localities,  and  of  large  sizes — 17  feet 
by  4  and  6  wide,  and  2  feet  thick.  They  have  been  extendvely 
used  in  Waterford,  as  has  also  been  the  Granny  stone,  whioh,  as  it 
is  situated  on  the  bank  of  the  Suir,  and  can  be  cheaply  brought  to 
Waterford  by  water,  is  utilized,  notwithstanding  its  being  of  a 
^^gy  nature  and  friable. 

The  lime  made  in  this  county  is,  in  general,  very  good. 
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King's  County. 

Except  in  Slieve  Bloom  and  in  Croghan  Hill,  the  rocks  of  this 
county  are  limestones,  some  being  of  excellent  quality  and  well 
known. 

Banagher, — In  this  vicinity  the  rocks  are  of  the  Calp  type. 
Dark-blue  or  grey,  inclined  to  black,  earthy,  in  part  flaggy,  and 
difRoult  to  dress ;  can  be  raised  in  large  blocks  suitable  for  coarse 
work,  and  were  used  extensively  in  the  works  for  the  improvement 
of  the  Shannon  navigation ;  also  in  the  buildings  in  the  town  and 
neighbourhood. 

Skerough. — Amile  from  Biir  or  Parsonstown.  Grey;  compact, 
semi-crystalline ;  uniform  in  colour ;  easily  worked ;  has  been  used 
very  much  in  the  public  buildings  of  Parsonstown. 

Clonmacnoise  (Seven  Churches). —  Ghrey;  thin-bedded  ;  some 
beds  very  f  ossilif  erous ;  weathers  unevenly.  Stones  of  large  size,  but 
modem  thickness,  can  be  obtained.  This  stone  was  very  much 
used  in  the  old  buildings  at  Clonmacnoise,  and  in  the  works  on  the 
Shannon.  The  fossiliferous  beds  full  of  encrinite  stems  (locally 
oalled  ^'screws")  when  polished  have  a  quaint  appearance,  and  have 
been  much  used  for  chimney-pieces,  &c.,  having  been  formerly 
very  extensively  wrought  at  the  Killaloe  marble  works.  Wilkin- 
son remarks,  in  connexion  with  the  ruins  at  Clonmacnoise : — **  In 
the  doorway  of  one  of  these  churches  this  stone  has  been  used  for 
delicate  carving,  and  the  surface  of  the  door-jambs  is  polished^ 
doubtless  to  display  what  was  considered  a  beautiful  material.'' 

Upper  Eglish. — ^Eighteen  miles  from  Parsonstown.  Ghrey,  com- 
pact, easily  worked.  A  great  deal  is  sent  to  Parsonstown,  being 
cheaper  than  the  stone  in  that  neighbourhood. 

Killane, — Near  Edenderry.     Ghrey,  compact,  easy  to  work. 

Bally duh  (Tullamore). — Grey,  with  purplish  tinge,  crystalline, 
massive,  thiok-bedded,  and  can  be  obtained  in  large  blocks.  It 
takes  a  fine  polish,  and  is  then  of  a  dove-colour,  clouded  with  a 
darker  tint.  It  is  very  much  admired  in  chimney-pieces  and  or- 
namental slabs.  This  well-known  and  beautiful  stone  has  been 
used  in  the  tracery,  windows,  and  dressing,  in  St.  Patrick's  Ca- 
thedral, Dublin;  for  columns  and  cornices  of  the  Club-house, 
Ealdare-street ;  the  Eoman  Catholic  Church,  Monasterevan ;  and 
in  numerous  other  places.    Formerly  more  used  in  Dublin  than 
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^i  present,  the  Ballinaaloe  stone  havings  in  a  great  measure,  taken 
its  plaoe.  This  seems  to  be  due  to  the  cheaper  carriage  of  the 
latter  stone. 

Lime,  in  general,  is  yerj  good  and  cheap  in  the  King's  County. 

Lbitrim. 

Although  a  large  portion  of  this  area  is  limestone,  yet  this 
being,  in  general,  of  a  calpy  character,  the  best  cut-stones  are 
usually  brought  from  the  neighbouring  coimties.  The  caps  on 
the  gate-posts  of  the  Eong's  Demesne,  near  Drumsna,  came  from 
Ballinrobe,  in  the  Co.  Mayo.  In  the  north  portion  of  the  couniy 
there  are  in  some  places  very  good  stones,  but  no  quarry  of  more 
than  local  note  seems  to  be  worked. 

Mealwood. — Three  miles  and  a-half  from  Carrick-on-ShannoiL 
Greyish-blue;  crystalline;  compact;  splintry;  difficult  to  work: 
large  blocks  can  be  procured.  Formerly  this  stone  was  muoh 
used,  but  of  late  better  stone  is  brought  from  Hughes'  Wood,  in 
the  Co.  Boscommon. 

Castiealavin.  Three  miles  from  Carrick-on-Shannon. — Whitish- 
grey,  crystalline ;  fairly  easy  to  work ;  retains  its  colour. 

Ballinamoe. — The  stone  here  similar  to  that  at  Mealwood. 

Kiibride.^Oiie  mile  from  Drumsna.  Bluish-grey;  not  yeiy 
good  for  tool- work. 

Lime  in  this  county  good;  of  superior  quality  near  Manor- 
hamilton. 

Limerick. 

More  than  half  of  this  county  is  occupied  by  limestones  of  dif- 
ferent qualities,  the  rocks  being  more  distinctly  and  regularly 
grouped  than  elsewhere  in  Ireland,  as  previously  pointed  ont 
(page  375}.  Margining  the  exposure  of  sandstone  is  the  dark- 
blue,  coarse,  grey  bedded  Lower  limestone,  having  over  it  the 
imbedded  FenesteUa  limestone,  and  above  that  the  Calp,  ranging 
from  a  coarse  slate  and  shale  to  marble ;  and  above  all,  imder  the 
Coal-measure  shales,  the  Burren-type  rock. 

Corgrig.  A  little  S.S.E.  of  Foynes. — ^Dark-blue  and  grey, 
crystalline;  in  part  earthy;  works  fairly  well;  flat-bedded;  ca- 
pable of  being  raised  in  very  large  blocks.  Used  extensively  in 
pier-work  on  the^Shannon,  both  in  Clare  and  Ldmerick. 
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Askeaton. — The  Fenestella  limestones  of  this  neighbourhood 
were  used  extensively  in  the  old  oastle  of  the  Qeraldines,  and  in 
Askeaton  Abbey.  The  beauty  of  the  stone,  its  qualifications  for 
•out-stone  purposes,  and  its  durability,  are  displayed  in  the  omi^ 
mentation  of  the  banqueting-hall  of  the  castle  and  the  windows  of 
the  abbey,  but  especially  in  the  pillars  of  the  cloisters.  The  latter 
^ure  beautiful  examples  of  carving,  while  at  tbe  same  time  they 
exemplify  the  fact  that  this  stone  is  capable  of  taking  a  good  and 
lasting  polish.  The  exact  place  where  these  stones  were  quarried 
is  not  known ;  tbey  are  speckled  greys,  with  tints  of  piuk  and 
-dove-colour. 

Kylethane  (near  Rathkeale). — Dark  calpstone,  inclined  to 
blackish;  in  part  shaley;  hard,  bat  works  evenly  except  across 
the  grain. 

Churchtown  (Newcastle  West). — Dark  grey.  Works  freely, 
but  is  very  wasteful. 

Drumroe, — Seven  miles  from  Newcastle.  A  somewhat  similar 
«tone,  but  better  than  that  at  Churchtown,  and  generally  preferred 
to  it,  but  it  is  very  brittle. 

Ballycummin. — ^About  three  miles  from  Limerick.  Bluish-grey; 
works  well. 

Roshrien. — Near  Limerick.    Very  similar  to  last;  a  good  stone. 

Linierick. — Thomond  Oate, — Ghreyish-black ;  fine,  and  close- 
grained;  some  of  the  beds  formerly  worked  for  marble  of  a 
superior  quality.  Bridge  quarry* — Q-rey;  compact;  a  good  sound 
stone.  Carey^ s-road,  —  Dark  grey;  semi-compact.  Oilhgue. — 
Blackish;  very  close-grained;  good  hydraulic  lime.  Railway 
Quarry, — Grey,  black,  and  green.  The  black  stone  was  worked  for 
marble  many  years  ago,  and  was  good,  being  sent  to  the  London 
market ;  the  green  is  tuffose  and  arenaceous ;  works  easily  ; 
friable ;  not  durable ;  used  extensively  in  the  new  railway  station. 
The  grey  stones  and  those  in  the  other  quarries  work  more  or  less 
freely  and  well.  They  have  been  extensively  used  in  Limerick 
and  the  neighbourhood. 

CJiarleville. — ^Dark-grey;  crystalline;  compact;  a  free- working 
stone. 

Quarry  Hilly  Knockany. — ^Four  miles  from  KQmallook.  Qreyish- 
blue ;  close-grained ;  very  easy  to  work.  It  would  appear  from 
the  nature  of  the  stone  that  it  was  from  these  quarries  that 
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iihe  stones  were  prooared  to  build  the  Abbey,  and  the  Cbraldine 
town  of  Eilmallock.  In  the  latter,  a  few  years  ago,  there  wer» 
0xoellent  examples  of  this  anoient  cut-stone  work;  but  during 
the  last  twenty-five  years  nearly  all  these  old  structures  have  been 
rieznoved. 

The  lime  in  this  county,  in  general,  is  good;  but  that  made 
from  the  Churohtown  stone  (Newcastle  West)  is  poor  in  strength, 
and  slacks  slowly :  the  lime  made  from  the  Calp,  near  Rathkeale 
and  Adair,  is  also  poor. 

At  Bobertstown,  between  Barrigone  and  Foynes,  there  is  a 
stone  that  gives  a  good  hydraulic  lime,  which  was  used  at  Askea- 
ton  Mills.  In  Gilloge  Loch  quarry,  two  and  a- half  miles  north- 
east of  Limerick,  there  is  a  good  hydraulic  limestone,  which  was 
used  extensively  during  the  building  of  the  new  dock  at  limerick. 

Londonderry. 

This  ooimty  is  another  of  those  in  which  there  is  very  little 
Carboniferous  limestone ;  it  only  being  found  in  a  tract  between 
Maghera  and  Magherafelt.  It  is  principally  quarried  for  h'me- 
buming,  some  of  it  being  hydraulic. 

Along  the  margin  of  the  doloryte  plateau.  White  Limestone 
appears  in  places,  and  is  rather  largely  quarried,  but  principallj 
for  lime-burning,  as  its  brittleness  and  jointy  character  make  it 
yield  unequally  to  the  hanmier,  and  unfit  for  fine  tool- work.  It 
can,  however,  be  scabbled  into  blocks  of  small  dimensions,  which 
can  be  used  in  rough  masonry. 

In  the  hill-country,  especially  south  and  south-west  of  Don- 
given,  there  are  many  beds  of  metamorphic  limestone  (OrdovicianP) 
quarried  principally  for  lime-burning. 

The  principal  quarry  in  the  Cretaceous  rooks  is  at — 

Spring  Hill  (Moneymore). — White;  very  pure;  hard;  fissured 
and  cracked.  Cannot  be  raised  in  large  sound  blocks.  Can  be 
scabbled  into  blocks  of  small  size.  Extensively  used  in  Moneymora 
when  building  the  principal  houses. 

The  quarries  in  the  Carboniferous  limestone  are  as  follows : — 

Desert  Martin, — ^Bluish  and  brownish;  rubbly;  some  bedi 
yellowish-grey;  solid;  finely  granular;  crystalline,  magnesian, 
and  hydraulic.    Used  almost  entirely  for  lime-burning. 
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neighbourhood  of  Clones  and  Monaghan  are  situated  in  suoh  low 
ground  that  they  are  liable  to  be  flooded,  and  are,  therefore,  too 
expensive  to  work.  The  best  quarries  suitable  for  cut-stone  purposes 
are  in  the  neighbourhood  of  Carriokmaoross. 

Barley  Hill.  Five  miles  from  Carriokmacross. — Dark  bluish- 
grey  ;  hard ;  well  suited  for  tool-work,  but  rather  difficult  to  work. 

lime  good,  but  often  dark-coloured. 

Queen's  County. 

Carboniferous  limestones  occupy  the  central  portion  of  this 
county.  In  some  places  the  stone  is  of  very  good  quisdity,  but  in 
others  it  is  inferior,  being  of  a  Calpy  type. 

Stradbally. — Light  brownish-grey  to  grey ;  close-grained;  well 
suited  for  cut-stone  purposes.  Has  been  largely  used  in  this  and 
the  neigbouring  county  of  KUdare.  In  all  the  public  buildings 
at  Maryborough  it  has  been  used ;  also  at  Monasterevan  and  else- 
where. 

Dunamase.  Two  miles  from  Stradbally. —  Qrey;  compact; 
slightly  splintery ;  but  otherwise  a  good  stone. 

Spire  Hill. — Five  miles  from  Mountmellick.  Grey ;  oolitic ; 
slightly  silioious ;  does  not  work  freely. 

Thombury  (Abbeyleix). — Dark  greyish-blue;  silicious,  and 
difficult  to  work. 

Ballyullen.  One  mile  from  Abbeyleix. — Greyish-blue.  This 
is  kinder  and  more  easily  worked  than  the  Thombury  stone,  and 
is  more  generally  used  in  Abbeyleix. 

Portarlington. — Good  stone  for  rough  work ;  quarried  in  dif- 
ferent places,  but  not  approved  of  for  tool-work. 

Ctraigue.  On  the  edge  of  the  county,  a  suburb  of  Carlow. — 
The  quarries  here  were  principally  worked  for  marble.  The  asso- 
ciated stones  being  burnt  for  lime. 

lime  veiy  good,  cheap,  and  abundant. 

EOSOOMMON. 

Nearly  the  whole  of  this  county  is  occupied  by  Carboniferous 
limestone,  only  some  veiy  subordinate  tracts  of  older  rocks  appear- 
ing up  through  it.  The  rocks  are  very  varied  in  character,  from 
bad  Calpy  stones  to  those  of  the  Burren  type.    There  are,  however^ 
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diflpersed  over  the  oountj,  many  quarries  capable  of  producing  a 
good  olasB  of  stone. 

Crisnagh,  Near  Boyle.— Gh^y;  semi-compact;  crystaUine; 
works  well  and  freely. 

French  Park.  Near  Boyle. — Gh^y;  close,  and  compact;  a  free- 
stone ;  works  well.  The  quality  of  the  stone  near  Boyle,  and  its 
suitability  for  tool  work,  were  not  formerly  recognised.  When 
Eockingham  House  was  built,  the  stones  were  brought  sixteen 
miles  from  Ballinafad,  Co.  Sligo.  Some  of  these  stones  polish 
well,  and  are  used  for  tombstones. 

Hugheatotcn.  A  few  miles  from  Carrick,  near  the  Shannon.— 
light  greyish-blue;  some  of  a  better  class  become  of  a  lighter 
colour  when  worked.  This  stone  has  been  used  in  Carriok-on- 
Shannon  in  preference  to  the  stone  at  Mealwood. 

Castkreagh. — Between  this  town  and  Boyle  there  are  different 
quarries  ;  but  the  stone  is  more  or  less  of  a  Calpy  nature,  and  diffi- 
cult to  work.  Mount  Sandford  House,  near  Castlereagh,  was  huilt 
of  stone  brought  from  Bellanagore,  about  nine  miles  distant. 

Bellanagore.  Seven  miles  from  Elphin,  the  quarries  heing 
situated  a  few  miles  to  the  west  and  south-west  of  the  village.— 
Dark  to  light  grey ;  much  freer  than  the  stones  near  Castlereagh ; 
but  inferior  to  those  near  Boyle. 

Aughiis.  About  two  miles  from  Roscommon. — Dark  to  light 
grey ;  fine ;  crystalline  ;  works  freely. 

Scardaun.  About  four  miles  from  Roscommon. — Dark  to  light 
grey ;  works  freely ;  in  character  very  like  those  of  the  barony  of 
Burren,  Co.  Clare. 

Lecarrow  (Knookcroghery). — Grey;  finely  crystalline ;  regularly 
bedded ;  in  parts  cherty ;  works  fairly  well, 

TaghmaconnelL — In  this  stony  district  the  rocks  are  of  types 
similar  to  those  in  the  barony  of  Burren,  Co.  Clare.  Qood  stones 
might  be  procured,  but  no  quarry  of  note  has  been  worked,  as  the 
stones  needed  in  the  neighbouring  towns  of  Athlone  and  Ballina- 
sloe  are  more  easily  procured  at  the  latter,  in  the  Co.  Galway,  and 
at  Clonmacnoise,  in  the  Swing's  County. 

The  lime  in  this  county  is  excellent  and  cheap. 
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Sligo. 

In  this  county,  as  in  Mayo  and  Qalwaj,  there  are  extensive 
crags  and  cliffs  of  Carboniferous  limestone.  The  rock,  however, 
ii  not,  in  general,  as  good  a  class  of  stone;  those  about  Lough 
AiTOW,  to  the  south,  and  some  beds  near  Ballysodare,  being  con- 
sidered of  the  best  quality.  Many  of  the  Sligo  stones  are  more  or 
less  of  a  Calpy  type,  and  difl5oult  to  dress ;  yet  in  the  old  abbey  at 
Sligo  the  local  blackish  stone  was  used  for  all  purposes ;  and  in 
the  ruins  are  different  examples  of  excellent  work  still  in  good 
preservation ;  but  of  late  years  the  Killea  sandstone,  Co.  Leitrim, 
seems  to  have  been  preferred  for  cut-stone  purposes. 

Ballysodare. — Greyish-blue ;  crystalline ;  semi-compact;  easily 
worked ;  takes  a  good  polish ;  has  been  used  for  tombstones. 

Ballinafad,  On  the  south-west  shore  of  Lough  Arrow. — In 
different  places,  grey  and  blue ;  crystalline ;  semi-compact ;  easily 
worked.  Formerly  much  used  before  the  quarries  at  Boyle,  Co. 
Boscommon,  were  opened ;  the  stones  for  Eockingham  House, 
near  Boyle,  having  been  brought  from  this  neighbourhood. 

Lime  of  the  county  good  and  cheap,  but  often  dark-coloured. 

TiPPERARY. 

Except  in  portions  of  the  barony  of  Lower  Ormond,  where  it 
is  of  the  Calp  type,  the  limestone  of  this  county  is  of  a  very  uni- 
form blue  colour,  and  compact.  It  has  been  very  generally  used 
in  some  of  the  best  ancient  ecclesiastical  structures.  On  this  sub- 
ject Wilkinson  writes : — "  At  Cashel,  with  the  exception  of  the 
sandstone  used  in  the  construction  of  Cormac's  Chapel  and  the 
Bound  Tower,  limestone  is  the  material  with  which  all  the  build- 
ings have  been  erected.  At  Holycross  this  stone  has  been  used  ; 
and  the  beautiful  ruins  in  both  these  places  show  the  excellent 
quality  of  the  stone,  both  as  regards  the  fine  work  it  is  capable  of 
receiving,  and  its  durability ;  for  the  mouldings  of  the  oldest  parts 
are  still  freeh  and  sharp  on  the  edges,  and  even  preserve  the  marks 
of  the  tools  used  in  preparing  them." 

Fir  Quarry y  Ballinderry.  Not  far  from  Oarriok-on-Suir. — Ghrey ; 
oloee;  even-grained ;  difficult  to  work. 

Camus.  A  short  distance  from  Cashel. — ^Light-grey ;  easy  to 
work. 
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Letcagh  (Holycroas).  A  little  north  of  Thurles. — Dark-grey ; 
semi-oompaot ;  a  very  superior  stone  for  all  fine  work.  This  ap- 
pears to  have  been  the  stone  with  which  Holyoross  Abbey  was 
built. 

CoiiU  Meadow,  One  mile  from  Thurles. — Ghrey;  firee  work- 
ing; very  good  for  dressed  work. 

BaUinacurra,  Four  miles  from  Clonmel. — Dark  greyish-blue : 
ooarse  and  earthy  beds ;  rather  difficult  to  work,  and  more  suitaUe 
for  mbble  than  dressed  work. 

Lishunny.  Near  Nenagh. — ^Dark-blue»  compact;  earthy;  in 
general  not  difficult  to  work.  Some  beds  are  more  argiUaoeous 
than  calcareous. 

Loughalton.  Two  miles  from  Nenagh. — Dark-blue  to  blackish ; 
some  beds  lighter,  and  greyish  ;  works  easily. 

Lottgharne.  Three  mil4s  from  Nenagh. — ^Variable  in  colour; 
shades  of  light-grey,  dark- grey,  and  blue;  in  general  compact; 
the  blue  stones  very  earthy ;  works  easily. 

Ballinillard.  Near Tipperary . — Gbeyish-blue.  Alight-coloured 
magnesian  limestone  lies  below  the  blue ;  works  well. 

Portland. — ^Near  to  Portumna  Bridge.  Dark-blue  to  blackish ; 
earthy ;  in  part  shaly ;  large  blocks  can  be  raised.  Used  exten- 
sively in  the  works  on  the  Shannon.  In  this  portion  of  the  baroDj 
of  Lower  Ormond  the  rocks  are  of  the  Calp  type,  and  are  not  in 
general  suited  for  cut-stone  purposes. 

In  general  very  good  lime ;  some  dark-coloured.  Some  of  the 
Calp  beds  either  will  not  bum,  or  will  do  so  with  difficulty. 

Tyronb. 
In  this  county  are  found  Cretaceous,  Carboniferous,  and  Meta- 
morphic  limestones.  The  White  Limestone  (Cretaceous)  occurs  to 
the  north-east,  near  Coagh  and  Stewartstown ;  the  Carboniferous 
occupies  more  or  less  scattered  and  semi-detached  tracts;  while 
the  older  limestones  are  found  in  bedded  masses  among  the  meta- 
morphosed rocks  of  Ordovician  and  Cambrian  (P)  ages  in  the 
north-west  of  the  county.  Dolomyte,  containing  Permian  fossils 
like  those  at  Cultra,  Belfast  Lough,  Co.  Down,  has  been  found  at 
Tullyconnel,  near  Ardtrea,  a  mile  to  the  west  of  this  place;  and 
in  sinking  a  coal-pit  at  Templereagh,  adjoining  the  Annaghone 
colliery. 
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These  Pennian  rooks  have  not  been  utilized.  The  Cretaoeous 
are  used  prinoipally  for  lime-bnming,  and  so  are  also  the  Meta- 
morphose limestonesy  and  in  a  great  measure  the  Carboniferous, 
limestone  is  not,  in  general,  used  for  cut-stone  purposes,  as  sand* 
stones  of  excellent  qualities  ooour  in  different  places,  and  they 
are  usually  preferred. 

Cookstown.  At  Eailway  Station. — ^Various  shades  of  grey  to 
pink  and  red;  f ossilif erous ;  crystalline;  some  beds  compact,  and 
take  a  good  polish.  In  beds  from  an  inch  to  4  feet  thick.  A  little 
east  of  the  town  is  a  limestone  of  a  purplish-grey  colour ;  compact ; 
crystalline ;  works  fairly. 

BroomhilL  A  mile  north  of  New  Mills.— A  bed  of  hydraulic 
limestone ;  12  feet  thick  proved  by  boring.  * 

Drumreagh.  Three  and  a-half  miles  north-east  of  Dun- 
gannon. — A  thick  bed  of  close-grained  blue  hydrauUc  limestone ; 
under  37  feet  of  thin- bedded  rock. 

KeerarCs  Cross.  Three  miles  south-east  of  Pomeroy. — A  thin 
bed  of  light-brown  hydraulic  limestone. 

Castkcaulfield, — Three  miles  west  of  Dungannon.  Qrej ;  com- 
pact ;  crystalline ;  in  places  flaggy,  or  with  shaly  partings  between 
the  beds ;  works  fairly  well. 

The  Carboniferous  limestone,  in  general,  is  impure  and  hard  to 
bum,  or  gives  a  dark-coloured  lime ;  but  at  Cookstown  an  excel- 
lent white  lime  is  produced. 

The  White  Limestone  in  general  gives  a  rich  lime. 

In  the  granite  to  the  north-west  of  Pomeroy,  at  Limehill,  there 
is  a  peculiar  compact  white  limestone  burned  for  lime,  but  not  of  a 
good  quality. 

Hydraulic  limestones,  as  above  mentioned,  are  found  at  Broom- 
hill,  Drumreagh,  and  Keeran's  Cross. 

Watbrford. 
The  Carboniferous  limestone  occurs  nearly  altogether  in  long 
east  and  west  basins — one  in  the  Youghal  valley,  and  another  in 
that  of  Dungannon,  with  a  small  tract  in  the  valley  of  the  Suir. 
The  limestone  used  in  this  county  for  dressed-stone  purposes  is 
principally  brought  from  the  south  portion  of  the  county  of  Kil- 
kenny, being  procured  in  the  quarries  in  the  neighbourhood  of 
Kilmacow. 
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mntcchurch.  South  of  Gappoquin. — Light-grey ;  hard ;  diffi- 
oult  to  dress ;  has  been  used  in  the  town  of  Dungarvan,  five  miles 
distant ;  also  in  the  railway  and  other  bridges. 

Shandon  (Dungarvan). — Dark-grey;  not  good  for  dressed- 
work;  much  inferior  to  that  of  Whiteohuroh,  but  more  easily 
dressed ;  used  in  building  the  Courthouse ;  gives  superior  lime.* 

Oughboy. — A  nule  from  Ldsmore.  light-grey;  hard,  but 
brittle ;  ooarse ;  easy  to  work. 

Between  Lismore  and  Dungarvan  there  are  in  places  small 
quarries,  where  fair  stone  for  tool- work  has  been  procured.  Some 
beds  take  a  good  polish,  and  have  been  used  as  marbles. 

Dunkitt.  —Here,  and  also  on  the  north  side  of  the  Suir  (Co.  Kil- 
kenny), limestone  has  been  extensively  quarried,  to  be  sent  down  the 
Suir  and  up  and  down  the  Barrow,  to  supply  the  oountiies  of  Wex- 
ford, Kilkenny,  and  eastern  Waterf ord,  with  stones  for  lime-burning. 
It  is  a  thin-bedded,  shaly,  earthy  stone  ;  but  as  it  can  be  cheaply 
carried  by  water  to  Waterf  ord,  it  has  been  very  extensively,  though 
not  always  advantageously,  used  there. 

Gbod  lime,  but  dark-coloured  in  general. 

Wrstmeath. 

Except  in  a  few  isolated  places,  Carboniferous  limestones  occupy 
the  wliole  of  this  area.  The  rock  is,  however,  comparatively  speak- 
ing, seldom  seen ;  and  when  it  comes  near  the  surface  it  is  usually 
of  the  Calp  type ;  or  of  a  character  unsuitable  for  out-stone  material. 
For  this  purpose  limestone  is  principally  obtained  from  Clonmao- 
noise,  King's  Co.,  and  Ballinasloe,  Co.  Qalway,  and  formerly  from 
Eosscastle,  Co.  Meath.  A  good  stone,  also  used  as  a  marble,  occurs 
near  Moate,  while  others  have. been  extensively  quarried  about 
MuUingar,  and  used  in  that  town :  the  stones,  however,  near  Mul- 
lingar  do  not  give  fine  or  durable  work. 

HaU.  Three  miles  south-west  of  Moate. — GFrey,  with  splashes 
of  white  and  red :  of  good  quality,  worked  as  a  marble;  extensively 
used  in  the  new  Exchange,  Manchester,  and  in  other  places  iu 
England. 

BunbroBua  and  Mulfyfamham. — Dark-blue  to  blackish ;  even- 
bedded.  Various  quarries,  at  which  the  stones  are  principally  raised 
for  rubble  work  and  flagging. 
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Pahenham  Hall.  A  mile  from  Coole. — Dark-grey ;  crystalline ; 
fossiliferous ;  earthy ;  a  fair  stone. 

Kerry.  Three  miles  from  Mullingar. — Dark-grey  to  blackish  ; 
compact ;  earthy ;  in  part  shaly ;  works  freely ;  used  in  the 
Catholic  Church,  Mullingar. 

Fulmore. — Seven  miles  from  Mullingar.  Dark-grey  to  blackish ; 
Calp  type.  Large  stones  can  be  raised,  which  were  used  in  the 
Kailway  Works  and  Mullingar. 

Lime  good,  but  dark-coloured.  Hydraulic  limestone  occurs  at 
Donore,  where  other  beds  give  a  very  good  lime. 

Wexford. 

In  this  county  there  is  very  little  Carboniferous  limestone,  as 
it  only  occurs  near  Wexford,  in  a  strip  running  south-west  from 
the  south  of  the  harbour  to  the  sea,  near  Duncormick,  and  in  the 
promontory  of  the  Hook.  It  is  not  much  used  for  building  pur- 
poses, although  formerly  much  quarried  for  lime-burning.  It  is 
more  or  less  of  the  Calp  type,  and  not  well  suited  for  cut-stone 
purposes.  Large  blocks  can  be  raised,  and  the  stone  from  the 
Drinagh  quarries,  south  of  Wexford,  were  used  in  the  construc- 
tion of  the  new  pier  at  Ballygeery  in  the  South  Bay.  The  quays 
also,  and  other  buildings,  have  been  built  from  similar  stones, 
procured  here  or  in  the  quarries  in  the  neighbourhood.  The  liiue- 
stone  at  Drinagh  is  in  part  hydraulic. 

In  the  Ordovician  rocks  there  are  beds  of  limestone  and  calca- 
reous tuffs.  The  limestones  are  used  principally  for  lime-burning, 
especially  one  bed  near  Courtown  Harbour,  which  is  in  part 
hydraulic.  The  tuffose  limestones  dress  easily,  and  have  been 
used  in  the  railway  bridges,  but  they  do  not  appear  to  be  durable. 

Good  strong  but  dark-coloured  lime  from  the  Carboniferous 
limestone;  the  Ordovician  limestones  also  give  strong  d«u*k-coloured 
lime,  but  not  good  returns.  In  old  times,  even  at  considerable 
distances  from  the  coast,  sea-shells  were  burnt  into  lime. 

Hydraulic  lime  can  be  made  from  some  of  the  beds  in  the 
Drinagh  quarries,  while  a  poorer  hydraulic  limestone  occurs  at 
Courtown. 
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"WiCKLOW. 

This  is  the  only  oounty  in  Ireland  in  which  Carbonif  erons  rooks 
have  not  been  found ;  nor  is  it  likely  that  any  outlying  patches 
ooour  under  the  superficial  accumulations.  It  was  also  generally 
belieyed  that  no  limestone  of  any  kind  exists ;  but  of  late  years 
this  has  been  proved  to  be  incorrect. 

In  the  Qlenart  demesne,  near  Arklow,  to  the  westward  of  the 
Castle,  there  is  a  very  impure  thin  bed  of  limestone.  Westward  of 
Castlemacadam,  near  the  church,  in  the  brow  of  the  hill,  there  are 
beds  of  flaggy  limestone,  which  seem  to  have  been  worked  to  a  small 
extent  in  former  times ;  and  to  the  north-east  this  limestone  again 
appears  in  the  brow  of  the  hill,  west  of  the  Ovoca  railway  station. 
A  bed  of  limestone  was  cut  in  the  Avonmore  valley  when  driving 
up  the  level  from  the  old  Qlebe  to  Connery  mine ;  while  limestone 
also  occurs  near  Westaston,  some  few  miles  eastward  of  Bathdrum. 
None  of  these  limestones  have,  at  least  in  late  years,  been  quarried; 
but  they  appear  to  be  of  a  quality  very  similar  to  the  Courtown 
limestone,  Co.  Wexford. 
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XXXVII.— ON  A  PECULIARITY  IN  THE  NATUBE  OF  THE 
IMPRESSIONS  OP  OLDHAMIA  ANTJQUA  AND 
O.  BADIATA.  By  J.  JOLY,  B.E.,  Assistant  to  the 
Professor  of  Civil  Engineering,  Trinity  College,  Dublin, 

[Read,  November  17,  188«.] 

Bbcbntlt,  while  examining  some  fragments  of  slate  from  Bray 
Head  showing  marks  of  Oldhamia,  I  noticed  that  on  such  speci* 
mens  as  displayed  both  varieties  of  marking,   0.  antiqua  and 
O.  radiatOy  the  following  peouliarity  appeared : — ^A  sunken  or  de- 
pressed delineation  of  one  variety  aooompanied  a  raised  or  relieved 
delineation  of  the  other  variety.      Thus,  if  on  any  specimen 
0.  antiqua  appeared  as  a  depression,  on  that  same  surface  the 
0.  radiata  appeared  in  relief.    I  verified  this  relation  over  such 
spedmens  as  were  in  my  possession,  twelve  in  number,  collected  by 
myself  at  various  times  from  certainly  not  lees  than  two  distinct 
localities  on  Bray  Head :  one  of  which  is  the  well-known  locality 
dose  to  the  Periwinkle  BrOcks.    These  specimens  are  on  the  table. 
From  this  observation  it  appeared  probable,  if  any  meaning 
was  to  be  attached  to  the  relation,  that  a  further  relation  would  be 
found  to  obtain  between  the  mode  of  delineation  and  the  position 
in  the  rock.    This  was  easy  of  investigation,  as  such  further  rela- 
tion might  be  sought  for  wherever  either  variety  of  mark  was  to 
be  found  in  situ.     Examination  revealed  the  expected  relation, 
in  this  order :— On  the  upper  surface,  or  what  was  most  probably 
the  surface  of  deposition  (the  cleavage  of  the  Cambrian  slate  of 
Bray  Head  coincides  generally  with  the  plane  of  bedding),  the 
O.  radiata  appeared  invariably  as  a  depression,  the  0.  antiqua  in  re- 
lief.   In  four  localities  this  was  verified.    In  one  only,  at  the  south 
entrance  to  the  new  tunnel,  was  there  any  doubt.    Here  the  folding 
is  so  extensive  and  complicated  that  it  was  uncertain  what  surface 
was  uppermost,  and  the  marks  also  were  obscure.    Close  to  this 
fifth  locality  clearer  marks  on  less  contorted  beds  are  in  accord  with 
the  relation.  It  is  apparent,  indeed,  that  in  the  event  of  the  relation 
being  more  extensively  verified,  it  might  in  such  cases  be  applied 
to  determine  whether  or  not  inversion  had  occurred. 
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An  explanation  of  this  peculiarity — which  at  all  events  evi- 
dently obtains  extensively  in  the  Bray  Head  rock — is  not  easily 
oflfered;  but  I  think 'flie  polarity  of  the  marks  respecting  the 
plane  of  deposition  is  of  importance  in  this,  that  it  establishes  a 
relation  between  the  phenomena  giving  rise  to  them  and  that 
plane.  Thus,  for  example,  any  hypothesis  ascribing  their  origin 
to  something  in  the  nature  of  crystallization  of  the  materials  of 
the  rock  must  account  for  a  direction  of  cleavage  differing  in  the 
two  varieties  respecting  the  plane  of  bedding.  This  would  appear 
to  render  a  frost-mark  theory  (these  Proceedings^  antea,  p.  156)  in- 
adequate to  explain  both  forms,  although  the  polarity  in  the  case 
of  the  0.  radiata  would  accord  with  the  theory.  On  the  other  hand, 
it  need  not  necessarily,  I  think,  be  opposed  to  an  organic  origin 
for  both  forms. 

It  is  observable  that  if  fragments  be  peeled  off  the  slate,  it  is 
often  found  that  the  marks  have  been  transmitted,  or  extend,  to 
layers  beneath,  so  that  lines  on  the  upper  are  seen  as  continued  on 


the  adjacent  lower  surface ;  this,  too,  for  thicknesses  exceeding  a 
millimetre. 

The  accompanying  woodcut  recalls  the  appearance  of  a  surface 
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from  the  PeriwinUe  locality.  It  is  seen  that  it  is  not  quite 
a  plane  Burfaoe,  but  one  which  has  developed  somewhat  con- 
ehoidallj.  It  is  rough,  too,  and  unlike  the  usual  bedding  sur- 
face. Nerertheless  the  0.  antiqua  branches  over  the  ridges  without 
sensible  loss  of  distinctness,  and  undeviated.  This  is  not  an  un- 
common case.  The  specimen  in  question  shows  the  0.  antiqua 
in  relief,  the  0.  radiata  depressed.  The  specimen  has  been  placed 
in  the  Science  and  Art  Museum,  Eildare-street. 
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XXXIX.— CURIOUS  CONSEQUENCES  OF  A  WELL-KNOWN 
DYNAMICAL  THEOREM.  By  G.  JOHNSTONE  STONBT^ 
M.A.,  D.  So.,  F.R.S.,  a  Vice-Preddent  of  the  Society. 

[Besd,  Januaiy  19,  1887.] 

There  is  a  well-knoMm  theorem  in  the  soienoe  of  Dynamics,  re- 
lating to  a  system  of  bodies  in  motion,  which  may  act  on  each 
other,  but  are  not  acted  on  by  any  external  force.  The  theorem 
in  question  is,  that  if  at  any  instant  the  velocities  of  the  several 
bodies  of  the  system  be  reversed,  without  any  other  change  being- 
made  (i.  e.  without  altering  either  their  masses  or  the  laws  aocoid- 
ing  to  which  they  attract  or  otherwise  act  on  one  another),  then 
will  all  the  bodies  of  the  system  retrace  their  steps,  traversing  in 
the  reverse  direction  the  same  paths  which  they  had  previously 
described,  and  in  such  manner  that  any  position  through  which 
any  one  of  these  bodies  had  passed  in  its  onward  progress,  at  a 
certain  time  before  the  reversal,  will  be  repassed  with  the  same 
velocity,  but  in  the  opposite  direction,  at  the  same  interval  of  time 
after  the  reversal. 

Now,  if  we  regard  the  universe  as  a  dynamical  system,  it  is 
exactly  such  a  dynamical  system  as  this  theorem  presupposes. 
Its  several  parts  act  on  one  another,  but  are  not  subjected  to  any 
other  forces.  And  it  is  of  interest  to  study  what  would  be  the 
result  if  such  a  reversal  as  the  theorem  supposes  were  to  take  place 
throughout  the  whole  universe.  We  must,  of  course,  suppose  that 
the  reversal  affects  all  the  motions  of  the  universe,  not  only  its 
molar  motions,  but  its  molecular  motions  also ;  and  not  only  the 
motions  of  its  ponderable  matter,  but  also  the  motions  of  the  ether. 

In  order  to  be  in  a  position  to  study  the  effects,  let  us  first 
suppose  that  we  are  spectators  of  this  far-reaching  change,  without 
being  ourselves  affected  by  it — that  we  are,  from  an  intellectual 
standpoint,  as  it  were  outside  the  great  system  whose  future 
history  we  want  to  trace,  simply  observing  everything  that  takes 
place,  and  not  in  any  way  interfering  with  it,  nor  ourselves  in  any 
way  transformed  by  the  change. 
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To  BQoh  a  spectator  the  past  history  of  the  aniverse  would 
repeat  itself  in  reverse  order,  and  many  of  the  conditions  under 
which  it  would  do  00  would  appear  to  him  very  strange.  The 
bird  which  was  shot  to-day  by  the  sportsman,  and  which  is  now 
lying  in  his  kitchen,  will,  if  the  reversal  of  the  universe  were  to 
take  place  at  this  instant,  be  restored  by  the  keeper  to  the  game- 
bag,  will  be  carried  by  him,  walking  backwards,  to  the  place 
where  the  pointer  had  fetched  it  in,  where  he  will  take  it  out,  and 
lay  it  on  the  ground.  Thence  the  dog  will  lift  it  in  his  mouth, 
and,  trotting  backwards,  will  reach  the  spot  where  the  bird  fell, 
where,  however,  it  will  now  rise  to  the  height  at  which  it  was  shot, 
from  which  it  will  fly  away  backwards  unharmed.  Meanwhile, 
the  vapours  into  which  the  powder  had  been  dissipated  will  stream 
back  into  the  barrel  of  the  fowling-piece,  and  condense  themselves 
again  into  gunpowder,  while  the  grains  of  shot  will  rush  towards 
the  muzzle  of  the  gim,  and  crowd  into  its  breach. 

It  is  of  importance  to  observe  that,  under  the  new  conditions 
of  the  universe,  all  true  dynamical  laws  will  remain  the  same  as  at 
present,  but  many  quasi-dynamical  laws  will  be  reversed.  Thus, 
the  first  law  of  thermodynamics— the  law  of  the  equivalence  of 
energy — ^will  remain  imaltered,  but  the  second  law  will  become  ita 
converse.  Instead  of  a  warmer  body  tending  to  impart  heat  to  a 
cooler  body,  as  at  present,  the  new  condition  of  things  will  tend  to 
make  their  temperatures  more  divergent.  Heat  will  become 
mechanical  energy  directly,  and  without  requiring  the  accom- 
panying degradation  of  energy  which  now  takes  place.  Friction, 
instead  of  retarding  the  progress  of  bodies,  will  help  them  forward. 
The  air,  instead  of  impeding  a  missile  passing  through  it,  will 
urge  it  on.  And,  when  reviewing  a  system  so  divergent  from 
what  we  find  in  the  actual  universe  about  us,  it  is  very  instructive 
to  bear  in  mind  that  the  universe,  under  the  new  conditions  that  we 
suppose^  would  he  as  perfect  a  dynamical  system  as  the  actual  universe 
is.  This  places  before  the  mind  in  a  very  strong  light  the  grave 
error  which  is  too  often  made  when  such  laws  as  I  have  referred 
to — ^the  second  law  of  thermodynamics,  &o. — are  supposed  to  be 
true  dynamical  laws. 

This  naturally  leads  up  to  the  consideration  whether  the  laws 
of  causation  would  be  i^ected.  Those  relating  to  true  causes 
would  not  be  affected :  those  relating  to  quasi-causes  would  all  be 

2  Ha 
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inverted.    True  oaufies  never  precede  their  effects;  they  are  always 
striotlj  siiniiltaneoius  with  them.    The  eoienoe  of  DynamicB  recog- 
nises true  causes  only.    All  change  of  the  motion  of  a  body  is  in 
that  science  attributed  to  forces  acting  tohik  the  change  is  taking 
place ;  and  the  persistence  of  a  body  in  motion  while  no  foroee  are 
acting  on  it  is  due  to  the  inertia  of  the  body,  i.e.  the  body  itself  is 
the  cause  of  it.    It  is  because  the  inertia  of  a  body  is  a  suflScient 
cause  for  its  continuing  in  motion  that  time  can  elapse  between 
events  in  nature.     Whether  the  motion  changes  or  does  not 
ohange,  the  effect  and  its  true  cause  are  accurately  simultaneous. 
The  dispute  as  to  whether  action  takes  place  at  a  distance  does  not 
•disturb  this  statement.    Everyone  who  does  not  suppose  that  the 
sun  attracts  the  earth  from  a  distance  and  without  lapse  of  time, 
supposes  that  some  medium  pervading  the  intervening  space  com- 
municates the  action ;  and  it  is  not  the  distant  body,  but  the  sur- 
face of  this  medium  where  it  touches  the  body  acted  on,  that  upon 
this  view  can  alone  be  recognised  in  the  science  of  Dynamics  as  the 
true  immediate  cause  of  the  changes  of  motion  of  the  second  body. 
Thus,  in  all  cases,  dynamical  effects  arise  along  with,  and  not 
after,  their  causes.    But  in  popular  language,  and  indeed  in  all 
but  very  carefully  strict  language,  many  events  are  spoken  of  as 
oaused  by  events  that  have  preceded  them.    Thus,  in  the  usual 
loose  way  of  talking,  we  may  speak  of  a  ball's  having  been  re- 
acted on  by  the  ground  as  the  cause  why  it  is  now  ascending, 
although  a  moment's  reflection  would  show  that,  in  strict  lan- 
guage, the  reaction  of  the  ground  has  caused  only  those  diaages 
of  motion  that  occurred  while  the  ground  was  pressing  against  the 
ball,  and  that  the  ball's  afterwards  continuing  to  ascend  is  due  to 
its  inertia.    Sometimes  the  two  classes  of  causes  are  distinguished 
as  immediate  and  remote.    Now  the  change  which  we  have  sup- 
posed the  universe  to  undergo  would  in  no  way  affect  immediate, 
^at  is,  true  causes;  but  all  that  we  now  recognise  as  an  antecedent 
or  quasi-cause  would,  to  the  spectator  looking  on  at  the  umverse 
from  without,  be  changed  into  the  effect,  and  that  which  is  now 
the  effect  would  to  his  apprehension  occur  first  and  become  the 
oause. 

These  seem  the  first  lessons  which  the  study  we  have  entered 
upon  impresses  upon  us.  But  it  is  capable  of  giving  further  in- 
struction.   Hitherto  we  have  supposed  the  altered  universe  looked 


Digitized  by  LjOOQ IC 


Stoney— On  Reversal  throughout  the  Universe.  461 

at  by  a  spectator  who  was  himself  unaffected  bj  the  change.  But 
we  are  all  ourselves  parts  of  this  universe,  and  the  series  of 
thoughts  that  occur  in  our  minds  are  quite  as  much  events  that 
happen  in  the  universe  as  the  motions  we  see  around  us.  Such  a 
reversal  of  all  the  velocities  of  the  universe  as  I  have  supposed,  if 
it  reaUy  took  place,  would  affect  us  and  the  motions  in  our  brains 
as  well  as  everything  else  in  the  imiverse ;  and  we  have  now  to 
consider  what  the  effect  of  this  would  be,  and  how  it  would  modify 
our  observation  of  what  is  going  on  around  us.  From  the  instant 
of  the  supposed  reversal,  the  thoughts  which  had  occupied  our 
minds  previous  to  it  will  recur,  repeating  themselves  backwards,, 
just  like  every  other  event  in  the  universe.  The  memory  of 
having  eaten  our  breakfast  will  present  itself  first ;  the  sensation 
that  we  are  eating  it  will  come  on  afterwards :  at  least  this  is  the 
order  in  which  we  must  as  yet  describe  these  thoughts  in  our  mind 
as  occurring;  it  is  the  order  in  which  they  would  appear  to  that 
outsider  whom  we  before  supposed  to  be  surveyiug  the  universe. 
But  the  relation  of  the  one  thought  to  the  other  in  our  oum  mind 
— of  the  memory  to  the  sensations  remembered — will  be  after  the  re- 
versal exactly  the  same  ^  as  it  was  when  these  same  thoughts  occurred 
before  in  their  right  order.  Now,  time  is  only  an  abstract  term 
REFERRING  TO  ALL  SUCH  RELATIONS,  just  as  mankind  is  an  abstract 
term  referring  to  the  individuals  that  are  men.  And  just  as  it  is 
individual  men  who  have  a  real  existence,  and  not  mankind  in  the 
abstract,  so  is  it  the  individual  time-relations  occurring  between 
real  thoughts  or  real  events  that  have  a  real  existence,  and  not 
time  itself,  which  is  a  mere  word.  But  as  we  have  found  that  the 
time-relations  between  our  thoughts  after  the  supposed  reversal 
are  absolutely  the  same  as  the  time-relations  between  these  same 
thoughts  when  they  occurred  before  the  reversal,  then  to  us,  if  we 
share  in  the  reversal,  our  thoughts  and  the  events  in  the  world 
about  us  will  seem  to  occur  in  the  same  order  of  time  as  they  did 
before  the  reversal,  and  the  moment  of  reversal  mil  in  both  cases 
appear  to  us  to  occur  last  in  point  of  time.  In  other  words,  our  sup- 
position of  the  reversal  of  all  the  motions  of  the  universe,  when  it 

^  In  fftcti  the  time-relation  between  the  two  states  of  mind  amounts  to  this,  that  a. 
part  of  the  one  state  of  mind  is  a  memory  of  the  whole,  or  of  a  part,  of  tiie  other  state 
of  mind ;  and  this  is  equally  the  case  after  as  before  the  reversal. 
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embraoes  the  whole  universey  ourselvee  indadedy  does  not  really 
involve  a  repetition  of  the  events  in  reverse  order,  but  only  a 
fleoond  way  of  reviewing  the  past  history  of  the  world. 

These  oonsiderations  do  not  seem  altogether  unfroitfuL  They 
emphasise  the  distinction  between  tme  and  quasi-dynamical  law8» 
they  dear  our  thoughts  with  reference  to  the  relation  of  cause  and 
effect,  and,  above  all,  they  help  to  dispel  from  our  minds  the 
prevalent  error  that  time  has  an  existence  in  itself  independentlj 
of  the  particular  time-relations  that  prevail  between  the  thought 
that  really  occupy  our  mind,  or  between  events'  that  actually  occur 
in  the  universe  about  us,  or  between  those  events  and  our  thoughts. 
In  reality,  the  aggregate  of  these  individual  time-relations  is  the 
whole  of  what  exists  in  nature  as  a  background  for  our  conoeptioiiB 
about  time. 


1  Thoughts  in  other  people's  minds  are  some  of  the  events  that  occur  in  the 
univerBe  about  us ;  that  is^  in  the  rest  of  the  uniyerse,  excluding  ouiselyee. 
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XL.— THE  PHENOMENA  OP  SKATINQ  AND  PBOPESSOB  J. 
THOMSON'S  THERMODYNAMIC  RELATION.  By  3. 
JOLY,  B.E. 

[Bead,  Beoembar  15,  1886.] 

Professor, J.  Thomson's  Thermodynamio  Belation 

dt  ^  r(f?t-gi) 
dp  L 

eataOs  that  in  the  case  of  a  substanoe  such  as  ioe,  in  which  the 

^onsequenoe  of  the  transference  to  the  substance  of  a  quantity  of 

dT 
heaty  £,  is  to  produce  a  negative  change  of  volume^  the  value  j- 

is  negative,  and  a  lowering  of  the  melting-point,  results  from  the 
application  of  pressure. 

I  would  suggest  that  to  the  many  phenomena  which  have 
found  an  explanation  injthis  physical  fact  might  be  added  those 
attending  skating,  i.e.  the  freedom  of  motion,  and,  to  a  great 
extent,  the  **  biting ''  of  the  skate. 

The  pressure  under  the  edge  of  a  skate  is  very  great.  The 
blade  touches  for  a  short  length  of  the  hog-back  curve,  and,  in  the 
oase  of  smooth  ice,  along  a  line  of  indefinite  thinness,  so  that  until 
the  skate  has  penetrated  some  distance  into  the  ice  the  pressure 
obtaining  is  very  great;  in  the  first  instance,  theoretically 
infinite.  But  this  pressure  involves  the  liquefaction,  to  some 
extent^  of  the  ice  beneath  the  skate,  and  penetration  or  bite 
follows  as  a  matter  of  course,  the  amount  of  penetration 
being  roughly  a  measure  of  the  extent  to  which  liquefaction  ob- 
tains. As  the  blade  sinks  an  area  is  reached  at  which  the  pressure 
is  inoperative,  f .  e.  inadequate  to  reduce  the  melting-point  below 
the  temperature  of  the  surroundings.  Thus,  estimating  the  pres- 
sure for  that  position  of  the  edge  when  the  bearing  area  has 
become  -^  oi  2k  square  inch,  and  assuming  the  weight  of  the 
skater  as  140  lbs.,  and  also  that  no  other  forces  act  to  urge  the 
blade,  we  find  a  pressure  of  7000  lbs.  to  the  square  inch,  sufficient 
to  insure  the  melting  of  the  ice  at  -  3*5^  G.    With  very  cold  ice 
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the  pressure  will  rapidly  attain  the  inoperative  intensity,  so  that  it 
will  be  f  onnd  difficult  to  obtain  bite — a  state  of  things  skaters  are- 
familiar  with.  But  it  would  appear  that  some  penetration  must 
ensue.  On  very  cold  ioe,  "  hollow- ground  "  skates  will  have  tiie 
advantage. 

This  explanation  of  the  phenomena  attending  skatmg  assumes 
that  the  skater,  in  fact,  glides  about  on  a  narrow  film  of  water,  the 
solid  turning  to  water  wherever  the  pressure  is  most  intense,  and 
this  water,  continually  forming  under  the  skate,  probably  resum- 
ing the  solid  form  when  relieved  of  pressure.  From  the  thermo- 
dynamic point  of  view,  the  skater  is  the  external  agent,  putting  th& 
ice  through  a  reversed  Canot's  cycle.  Fluid  shearing  takes  th& 
place  of  solid  friction,  and  as  the  resistance  thus  arising  is  propor- 
tional to  the  area  over  which  shearing  obtains,  that  temperature  at 
which  the  skater  just  obtains  the  requisite  bite  to  impel  himself 
will  be  the  most  conducive  to  freedom.  Other  phenomena,  such  as 
tearing  and  crushing,  doubtless  attend  the  skater's  motion,  but 
such  must  necessarily  be  detrimental  to  freedom ;  indeed,  the  &ct 
that  such  phenomena  do  often  attend  the  easy  motion  of  the 
skater  might  be  regarded  as  evidence  against  the  popular  notion 
that  the  possibility  of  skating  is  to  be  ascribed  solely  to  the  smooth^ 
nesa  of  the  ice.  It  is  quite  certain,  I  think,  that  skating  on  so 
smooth  a  substance  as  plate-glass,  for  example,  more  expecially  if 
accompanied  with  incidental  tearing  of  the  surface,  would  be  quite 
impossible.  Again,  it  is  observable  that  skating  on  very  rough 
ice  is  possible.  Only,  indeed,  when  the  phenomena  of  solid  fric- 
tion give  place  to  those  attending  the  motion  of  lubricated  surfcuses 
is  there  at  all  a  comparable  degree  of  freedom.  Walking  on  a^ 
pavement  greasy  with  fine  mud  occasionally  recalls  the  accidental 
treading  on  a  "slide." 

In  the  expression  "  as  slippery  as  ice  "  there  is  revealed  a  con- 
sensus of  opinion  as  to  the  abnormal  nature  of  ice  respecting 
friction. 
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XII.— ON  THE  ANTIPODAL  RELATIONS  OP  THE  NEW 
ZEALAND  EARTHQUAKE  DISTRICT  OF  10th  JUNE, 
1886,  WITH  THAT  OP  ANDALUCIA  OP  26th  DE- 
CEMBER, 1884.    By  J.  P.  O'REILLY,  C.  E.,  M.  R.  I.  A.. 

Professor   of   Mining    and    Mineralogy,  Royal    College    of 
Science,  Dnblin.    (Plate  IX.) 

[Read,  January  19,  1887.] 

In  an  address  delivered  before  the  Boyal  Geologioal  Sooiety  of 
Ireland  on  the  gaseous  products  of  the  £rakatoa  Eruption,  I  took 
occasion  to  call  attention  to  the  antipodal  relations  of  Java  with 
the  north-west  coast  of  South  America,  and  argued  from  the  fact 
of  there  being,  in  this  case,  two  districts  of  marked  seismic  activity 
directly  antipodal,  that  in  cases  where  such  relations  exist,  marked 
seismic  action  may  be  expected  to  manifest  itself.  I  had,  in  ano- 
ther Paper  read  before  the  Boyal  Irish  Academy  14th  Novem- 
ber, 1881,  argued  that  in  centres  affected  by  earthquake  liction 
the  points  of  greatest  activity  generally  lie  on  coast  lines,  or  on 
the  boimdary  lines  of  geological  formations :  this  was  subsequently 
illustrated  by  an  earthquake  map  of  Great  Britain  and  Ireland^ 
annexed  to  the  catalogue  of  earthquakes  having  occurred  in  these 
countries,  submitted  to  the  Boyal  Irish  Academy,  28th  April, 
1884. 

The  antipodal  relations  above  referred  to,  as  also  the  conxiexion 
of  earthquakes  therewith,  and  with  coast  lines  and  coast  line  di- 
rections, have  recently  received  a  remarkable  illustration  in  the 
great  earthquake  of  Andalucia  of  Christmas,  1884,  and  January, 
1885,  taken  in  connexion  with  the  earthquakes  and  volcanic  erup- 
tions which  occurred  in  June  last  in  the  Northern  Island  of  New 
2jealand. 

In  order  to  show  these  relations  between  the  two  countries  in 
question,  I  have  prepared  a  map  (Plate  IX.)  presenting  the  projec- 
tion, of  the  antipods  of  the  northern  island  and  of  part  of  the  middle 
island  of  New  Zealand,  on  the  map  of  Spain.  This  projection  is 
shaded,  and  the  zone  of  maximum  volcanic  intensity  in  the  northern 
island  is  represented  by  cross-hatching,  being  limited  in  one  direo« 
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tion  by  the  Tangaroro  voloano,  and  on  the  other  by  White  Idand  in 
the  Bay  of  Plenty,  also  voloanic  in  its  nature,  and  at  present  (Sep- 
tember, 1886)  in  active  eruption.  The  seat  of  the  Andalucian  earth- 
-quake,  as  also  the  points  more  markedly  affected  thereby,  are  within 
<iiroles,  the  zone  of  greatest  intensity  being  more  deeply  marked. 

It  will  not  be  out  of  place  to  state  summarily  the  main  f aoto 
relative  to  the  two  earthquakes  thus  brought  iuto  relation. 

That  of  Andaluda  was  described  in  Naturej  vol.  xxzL,  p.  199 
(January  Ist,  1885) ;  also  in  an  article,  ^*  The  Earthquake  in 
Spain,"  p.  237,  and  in  a  note,  p.  277,  giving  a  resumi  of  Mr. 
Jos.  Macpherson's  remarks  on  the  event,  made  before  the  Spanish 
Natural  History  Society,  January  7th,  1885.  From  these  it  may 
be  learned  that  a  series  of  very  violent  earthquakes  occurred  in 
Andfllucia  during  a  period  of  some  weeks,  commencing  at  Christ- 
mas, 1884 ;  that  while  the  motion  was  felt  so  far  north  as  Madrid, 
the  district  most  severely  visited  lay  in  the  provinces  of  Ghranada 
and  Malaga,  forming  a  parallelogram  measuring  about  70  miles 
from  east  to  west,  and  about  35  miles  from  north  to  south.  The 
eastern  part  of  this  district  passed  into  the  great  range  of  the 
Sierra  Nevada,  of  which  the  highest  peaks  rise  to  between  11,000 
and  12,000  feet  above  the  level  of  the  sea.  The  area  of  maximum 
destruction  lay  in  the  western  sierras,  and  covered  the  ground  to 
the  north  and  south  of  them.  The  greatest  amount  of  damage 
was  done  at  Alhama,  which  was  almost  entirely  ruined.  In  Arenas 
del  Bey  40  persons  were  killed ;  iu  Albuqueros  150  ;  in  Olivar  10 ; 
in  Oijar  12 ;  and  numbers  of  like  magnitude  were  reported  from 
many  towns  and  villages  of  the  three  provinces  affected.  The 
number  of  persons  killed  was  estimated  officially  at  more  than 
1000  persons.  In  the  sketch-map  published  in  Nature^  vol.  xxxi., 
p.  199,  the  following  cities,  towns,  and  villages,  are  indicated  as 
having  suffered  shocks: — Madrid,  Guidad-real,  Cordova,  Jaen, 
Seville,  Archidona,  Ghranada,  Antiquera,  Cadiz,  Malaga,  Torrox, 
AlmuHecar,  Alham,  Alfametejo,  Feriana,  Jayena,  Olivar,  and 
Albuiluelas. 

From  the  remarks  made  by  Mr.  Maopherson  (vol.  xxxi.,  p. 
278),  the  following  additional  particulars  are  gathered : — 

The  earthquake  presented  marked  coincidenoes  with  the  geo- 
logical structure  of  the  country  affected,  and  was  divided  by  him 
into  three  successive  phases— one  of  relatively  slight  importance, 
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whioh  ooourred  in  the  early  mommg  of  December  22nd,  and 
which  was  confined  to  the  western  portion  of  the  country,  its  effects 
being  felt  only  in  Ghdioia  and  Portugal ;  another,  of  the  highest 
importance,  which  occurred  three  days  later,  namely,  at  9  p.m.  on 
the  25th ;  while  the  third  phase  included  the  oscillationB  having 
taken  place  during  a  certain  period  subsequently  in  the  districts 
most  severely  affected  by  the  earthquake  of  the  2dth.  The  earth- 
quake extended  over  a  very  considerable  surface,  the  district 
^ected  to  an  appreciable  degree,  including  approximately,  it 
would  seem,  the  whole  country  lying  between  Cadiz  and  Oabo 
•de  Gata,  and  between  Malaga  and  the  Guadarrama  range. 

The  shook  was  quite  perceptible  in  Madrid,  the  direction  of 
oscillation  having  been  from  north  to  south.  The  movement 
gained  in  intensity  as  it  proceeded  southwards,  more  especially 
after  leaving  the  southern  border  of  the  central  table-land,  limited 
by  the  fault  of  the  valley  of  the  Guadalquiver.  He  called  atten- 
tion to  the  relation  of  tiiie  phenomena  with  the  geological  structure 
of  the  peninsula,  and  to  the  broad  zone  of  great  masses  of  granite, 
porphyry,  diabase,  and  other  kinds  of  rocks  whioh  cross  the  pen- 
insula from  Gtdicia  to  the  valley  of  the  Qnadalquiver,  and  which, 
geologically  speaking,  divides  the  peninsula  into  two  distinct  parts. 

<<  This  huge  belt  (he  says),  which  may  be  regarded  as  one  of 
the  most  striking|f eatures  of  the  peninsula  of  our  day,  cuts  and 
divides  the  archaic  formations,  inteirupting  them  in  the  Gnadar- 
rama  central  chain  between  the  Sierra  de  Guta  and  the  Estrella 
range  in  Portugal."  This  zone  he  considers  as  corresponding  to  a 
great  line  of  fracture  which  crosses  the  peninsula  from  north-west 
to  south-east,  in  the  prolongation  of  which  lies  the  region  of  earth- 
quake shocks  described  by  him.    He  concludes : — 

^'  The  two  principal  coincidences  observable  between  the  phe- 
nomena of  the  earthquake  and  the  geological  structure  of  the 
peninsula  are — 

^^  (1)  That  the  disturbance  of  December  22nd  was  confined  to 
the  regions  lying  to  the  west  of  the  zone  described ;  and 

'^(2)  That  the  most  violent  shocks  of  December  25th  were  ex- 
perienced in  the  region  intervening  between  the  Sierra  Nevada 
and  the  Sierra  de  Bonda,  and  precisely  on  the  very  belt  which 
encloses  the  archaic  mountain   mass   of  the  Sierras  Tejea  and 
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Almijara^  broken  and  torn  by  the  seoolar  *  difiturbanoes  of  our 
globe.* 

*'  There  stood  Alhama,  now  prostrate  in  the  river  bed ;  there 
Feriana,  a  heap  of  ruins  3  m.  high ;  there  Albuiiuelas,  which  exists 
no  longer ;  there  Zafarraya,  Nerja,  Torrox,  and  many  other  towns 
and  villages,  all  testifying  to  the  fragility  of  these  fitults,  whiohy 
though  dating  back  to  the  Silurian  period,  are  still  apparently  not 
completely  welded." 

The  examination  of  the  map  shows  that  the  zone  particularly 
referred  to  by  Mr.  Maopherson  corresponds  precisely  to  the  axis  of 
the  antipodal  projection  of  the  North  and  Middle  Islands  of  New 
Zealand  on  the  map  of  Spain  :  that  is  to  the  antipodal  projection 
of  the  zone  of  maximum  volcanic  intensity  of  the  North  Island. 
Moreover,  the  projection  of  the  Coromandel  promontory  (New 
Zealand)  not  only  coincides  in  its  limits  with  the  coast  line  of 
Malaga,  but  corresponds  to  the  district  represented  as  having  been 
most  affected.  Alhama,  the  point  of  greatest  destruction,  lies 
exactly  on  the  projection  of  the  coast  line  of  the  promontory,  as 
ako  Yelez  Malaga,  while  Malaga  lies  on  the  projection  of  the 
narrow  headland  which  projects  in  a  north-west  direction  from 
that  promontory. 

It  may  thus  be  asserted  that  the  zone  of  maximimi  intensity 
of  the  Andaluoian  earthquake  has  for  antipod  the  promontoiy 
forming  the  Thames  and  Coromandel  districts  of  the  North  Island 
of  New  2^aland,  the  continuation  of  which,  to  the  south  and  east,. 
is  the  Tauranga,  or  volcauic  district,  the  seat  of  the  disturbanoe  of 
June  the  10th,  1886. 

As  regards  this,  not  only  has  it  been  fully  described  by  the 
local  press  of  the  country,  but  it  has  also  formed  the  subject  of 
two  Government  Eeports — the  one  by  Dr.  Hector,  Inspector  of 
Mines,  the  other  by  Mr.  Percy  Smith,  Assistant  Surveyor-General^ 
Auckland — Reports  which  have  the  signal  merit  of  being  both  well 
done  and  quickly  published. 

The  following  extract  from  Mr.  Percy  Smith's  Beport  (page  1) 
gives  a  description  of  the  district  affected : — 

'*  If  a  line  be  drawn  nearly  south-west  (true)  from  the  top  of 
Buawahia,  it  will  be  found  to  indicate  very  closely  a  line  of  tiier* 
mal  action,  extending  from  the  base  of  that  mountain  to  Orakako- 
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rakOy  along  whioh,  from  time  immemorial,  have  existed  hot  springs, 
geysers,  and  fumaroles,  in  immense  numbers. 

*^  Such  a  line  will  also  pass  along  the  wall-like  western  face  of 
the  Paeroa  Mountain,  at  the  base  of  which,  in  several  places,  hot 
springs  and  fumaroles  have  always  existed. 

"A  little  to  the  north  of  Paeroa  is  the  Maounga-onga-onga  Hill, 
on  which  no  signs  of  recent  action  is  apparent ;  but  immediately 
to  the  east  of  it  a  country  with  innumerable  hot  springs,  boiling 
mndholes,  and  lakelets,  having  on  the  east  side  the  £akaramea 
Mountain,  where  thermal  action  is  very  active,  the  greater  part  of 
the  mountain  having  been  steamed,  and  boiled,  and  coloured  by 
subterranean  vapours  from  top  to  bottom.  In  many  places  it  is 
only  necessary  to  make  a  hole  in  the  surface  to  see  the  steam  come 
forth.  Further  to  the  north-east  the  same  line  strikes  through 
Botomahana.  It  is  thus  obvious,  that  this  line  indicates  an  old 
line  of  activity  and  consequent  weakness  of  the  crust  of  the  earth, 
and  it  is  easy  to  show  by  varying  its  direction  very  slightly,  or  by 
treating  it  as  a  band  of  moderate  width,  that  its  production  north- 
wards would  strike  White  Island,  whilst  in  the  opposite  direction 
Tongariro  and  Buapeohu  form  the  tenninal  points  of  activity 
southwards.  ''A  reference  to  the  four-mile  map  attached  to  the 
Beport  shows  that  the  recent  eruptions  have  followed  very  closely 
this  line.  Taking  Wahanga  as  the  most  northerly  point  of 
activity,  and  Okaro  Lake  as  the  most  southerly,  it  will  be  found  to 
have  extended  a  distance  of  nine  and  a-haU  miles.  Along  this 
line  there  may  be  said  to  be  eight  craters  or  points  and  groups  of 
eruption  (using  the  term  crater  in  a  somewhat  extended  sense,  to 
include  eruptions  of  a  dissimilar  character). 

^*  Earthquake  Cracks. — The  heavy  earthquake  at  2  a.m.  on  the 
morning  of  the  10th  June,  and  the  constant  and  frequent  shakes 
and  tremors  since,  have  caused  cracks  in  several  places.  In  the 
Waikorua  Basin  on  the  Botorua-G-alatea  Boad  (a  place  where 
several  cracks,  one  of  about  half  a  nule  long  and  twenty  yards  wide, 
have  been  known  firom  the  earliest  times),  several  new  cracks  have 
appeared,  but  of  no  great  extent.  We  counted  five  across  the 
path,  but  only  one  was  as  much  as  a  foot  in  width.  They 
invariably  take  the  line  of  the  older  cracks  running  north-east  and 
south-west.  Mr.  Morgan  describes  the  cracks  on  the  south  side  of 
Eakaramea  to  be  very  numerous,  and  in  one  place  a  spur  from 
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that  mountain  is  oraoked  and  broken  np  to  an  extent  to  make 
Grossing  it  very  difficult.  The  north  of  Maounga-onga-onga  is 
also  much  cracked/' 

In  Dr.  Hector's  Beport,  page  2,  is  given  a  description  of  tiie 
**  Great  Fissure." 

^'This  is  the  most  remarkable  and  characteristic  feature  of 
the  late  eruption  and  the  chief  origin  of  the  disastrous  results 
which  attended  it.  The  fissure  seems  to  commence  in  a  narrow 
rift  at  the  northern  end  from  the  great  rent  which  has  been 
formed  in  the  south  end  of  Tarrawera  Mountain.  This  rent 
is  a  most  wonderful  feature.  It  is  not  a  slip  from  the  mountain 
side,  but  appears  as  if  a  portion  of  the  mountain,  measuring 
2000  feet  x  600  x  300  deep,  had  been  blown  out,  leaving  a  ragged, 
rooky  chasm,  from  which  steam  was  being  discharged  in  rapidly- 
succeeding  puffs.  Its  general  direction,  as  far  as  could  be  ascer- 
tained, is  N.  50°  E.,  which  is  the  general  line  of  direction  that 
would  connect  all  the  more  active  geysers  between  Tangariro  and 
White  Island." 

It  may  be  concluded  from  these  details  that  the  most  signifi- 
cant feature  of  the  eruption  and  concomitant  earthquakes  was  the 
great  fissure  extending  from  Tarawera  Mountain  to  Okara  Lake,  a 
distance  of  about  nine  and  a-half  miles.  The  antipod  of  this  fissure 
projects  itself  on  the  map  of  Spain  in  the  immediate  vicinity  of 
the  celebrated  defile  of  Despenaperros  in  the  Sierra  Morena,  which 
connects  the  plateau  of  La  Mancha  with  the  great  valley  of  Anda- 
lucia,  and  from  the  gorge  of  which  a  magnificent  view  of  the  valley 
is  obtained.  If  the  direction  of  the  middle  course  of  the  Ghiadal- 
quiver  be  produced,  it  cuts  the  antipod  of  the  northern  extremity 
of  the  fissure,  that  is,  tiiie  point  representing  the  antipod  of  Tara- 
wera Mountain. 

There  is  thus  brought  into  relation  three  very  interesting  lines 
of  earth  fissuring — that  traversing  Spain  from  N.W.  to  S.E.,  that 
constituting  the  axis  of  the  volcanic  zone  of  the  North  Island,  New 
Zealand,  and  the  line  of  faulting  which  corresponds  to  the  valley 
of  the  Q-uadalquiver. 

The  very  remarkable  mine  of  Almaden  (which  forms  part  of  a 
great  band  of  mineralized  ground,  extending  in  a  line  nearly  east 
and  west  between  the  village  of  ChiUon  and  a  point  to  the  east  of 
Almadenejos),  lies  within  the  space  covered  by  the  projection  of  the 
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antipod  of  the  North  Island,  and  about  70  kilometres  to  the  west 
of  the  projection  of  the  antipod  of  the  axis  of  TnaTimnm  voloanio 
aotiyity  in  the  Northern  Island. 

It  is  further  to  be  remarked  that  the  earthquake  mentioned 
hy  Mr.  Maepherson  as  having  oocurred  Deoember  22nd  in  G-alioia 
and  part  of  Portugal  affected  a  space  representing  the  antipod  of 
the  northern  part  of  the  middle  island  of  the  New  Zealand  group, 
the  outline  of  which  corresponds  in  places  with  the  coast  line  of 
Galicia.  Moreover,  as  Mr.  Maepherson  states  that  the  shock  took 
place  to  the  west  of  the  N.W.  and  S.E.  zone  which  crosses  Spain 
as  described  hy  him,  it  is  evident  that  its  teat  was  close  to  the  west 
coast  of  Galicia,  which  corresponds  so  remarkably  with  the  antipod 
of  the  N.E.  coast  of  the  Middle  Island. 

An  equally  interesting  feature  of  the  comparison  established 
by  the  map  is,  that  the  antipod  of  the  western  and  more  open 
portion  of  Cook's  Straits  corresponds  to  the  mountain  ranges  of 
Sierra  de  Gata  and  Sierra  de  Gredos ;  the  former,  very  wild,  and  but 
imperfectly  explored  as  yet,  attains  a  height  of  1753  m.  at  the- 
peak  known  as  Fena  de  Ibrancia ;  the  latter,  equally  wild  and  grand 
in  its  scenery,  attains  a  height  of  2661  m.  in  the  summit  known 
as  La  plaza  del  Moro  Almonzor.  That  is  to  say,  a  strait  in  New 
Zealand,  said  to  be  deep,  corresponds  as  antipod  to  very  lofty  and 
wild  mountain  ranges  in  Spain,  and  necessarily  the  seats  of  vast 
geological  disturbances.  As  if  to  point  out  more  strongly  these 
seeming  antipodal  relations,  there  have  occurred  within  the  last 
three  months  two  further  earthquakes  in  Spain,  as  regards  the 
relations  of  which  with  the  antipodal  points  of  New  Zealand  pro- 
jected on  the  map,  the  following  details  are  of  interest : — 

In  Nature^  vol.  xxxv.,  p.  59,  occurs  the  note:  "A  shock  of 
earthquake  was  felt  in  the  district  of  Beira  Alta  (Portugal)  on  the 
11th  inst.  (November,  1886).  This  district  is  described  in  Vivien 
de  St.  Martin's,  "Dictionnaire  de  Geographie  TJniverselle,"  as  being 
watered  by  the  affluents  of  the  Deuro,  the  Vouga,  and  Mondego 
rivers ;  the  principal  towns  are  Vizeu  and  Guarda.  This  district 
Ues,  therefore,  in  that  part  of  Portugal  whereon  falls  the  projection 
of  the  antipod  of  the  Collingwood  District,  north-western  extremity 
of  the  Middle  New  Zealand  Island.  Yizeu  lies  at  about  32  kilo- 
metres, =  19|  miles,  from  the  projection  of  the  coast  line,  while 
Guarda  corresponds  very  exactly  as  antipod  to  Cape  Farewell. 
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The  other  earthquake  recorded  is  that  of  Slat  Deoember,  1886, 
which  occorred  at  Ahneriay  the  antipod  of  which  falls  in  the  Bay 
of  Plenty,  at  about  427  English  miles  north  by  east  of  White 
Island,  the  extremity  of  the  line  of  the  earthquake  movementB 
which  shook  that  part  of  New  Zealand  the  10th  of  June  last,  and 
-which  island  since  is  in  a  state  of  eruption. 
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XLH.  —  SUGGESTION  RESPECTING  THE  EPIBLASTIC 
ORIGIN  OF  THE  SEGMENTAL  DUCT.  By  A. 
C.  HADDON,  M.A.,  M.R.I. A.,  Professor  of  Zoology  in 
the  Royal  College  of  Science,  Dublin.     (Plate  X.) 

[Bead,  Febroaiy  16,  1887.] 

To  Dr.  V.  Hensen  is  due  the  credit  of  first  discovering  the  epi- 
blastic  origin  of  the  segmental  duct  in  the  rabbit  [Lepua  cuniculm). 
He  first  recorded  the  fact  in  1875  (5) ;  but  the  observation  appears 
to  have  been  universally  discredited,  and  even  Balfour  makes  no- 
mention  of  it  in  his  "  Treatise  on  Comparative  Embryology." 
In  1884  Dr.  G.  F.  Spee  (11)  found  that  the  same  occurred  in  the 
guinea-pig  {Carta  cohaya)^  and  in  1886  Professor  W.  Pleniming(2) 
confirmed  Hensen's  account  for  the  rabbit. 

Towards  the  end  of  1886,  Dr.  J.  W.  van  Wijhe  (13)  announced 
that  the  segmental  duct  arose  from  the  epiblast  in  the  thomback 
ray  {Raja  clavata)^  and  lastly,  Dr.  J.  von  Per^nyi  (8)  has  very 
recently  (January,  1887)  extended  this  mode  of  origin  to  the  frog 
{Sana  esculenta)  and  to  the  lizard  {Lacerta  viridia). 

The  origin  of  the  segmental  duct  from  the  epiblast  being  now 
known  to  occur  in  Elasmobranchs,  Anura,  Lacertilia,  and  Rodents, 
we  are  justified  in  assuming  that  this  is  a  general  and  probably 
primitive  mode  of  formation.  With  the  above-mentioned  excep- 
tions, all  embryologists  who  have  recorded  observations  on  the 
development  of  the  duct  agree  in  stating  that  it  is  at  first  placed 
immediately  below  the  epiblast,  and  that  it  gradually  sinks  within 
the  mesoblast,  omtil  it  comes  to  lie  close  to  the  peritoneal  epithe- 
lium ;  they  also  all  agree  in  deriving  the  duct  from  the  somatic 
mesoblast. 

The  duct  arises  in  the  Rodents  as  a  linear  proliferation  of  the 
epiblast  in  the  region  opposite  to  the  intermediate  cell-mass 
("  Gtrenzstrang"  of  Hensen).  Flemming  points  out  that  the  area 
is  of  variable  length,  not  even  being  symmetrical.  The  separation 
of  this  solid  cord  of  cells  from  the  epiblast  takes  place  from  before 
backwards,  and  first  occurs  at  a  time  when  the  mesoblastic  somites 
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are  still  entirely  continuous  with  the  ventral  (somatio  and  splanch- 
nic) mesoblast.  Hensen,  Spec,  and  Flemming  conjectured  that  the 
primitive  kidney  is  itself  developed  from  the  epiblast  in  these 
Mammals,  but  of  this  they  produce  no  direct  evidence.  It  is 
more  probable  that  the  nephridia  are  of  mesoblastio  origin,  as  in 
other  Vertebrates. 


Fig.  1. — Tranbybksb  Section  of  Eicbeto  Eabbit  (4  mm.  in  length,  stage  of  16 
somitee).     [After  Flemming.] 

Tlie  section  is  taken  jost  in  front  of  the  posterior  termination  of  the  intestine.  The 
right  side  of  the  figure  is  the  left  of  the  hodj.  There  is  a  small  rupture  in  the  left 
(right  of  figure)  mesohlastio  somite,  a/.,  mesenteron  (intestine) ;  ccb.,  coelom 
(hody-cavity) ;  ep,y  epiblast;  Ay.,  hypoblast;  i,e.m,,  intermediate  cell-mass; 
n,e.f  neural  canal ;  «.(^.,  sogmental  duct ;  «om.,  somatic  meeoblast ;  ap.,  splanchnic 
mesoblast. 

Van  Wijhe  finds  that  in  the  ray  the  pronephros  (Vomier) 
arises,  at  the  commencement  of  Balfour's  stage  I.,  as  a  continuous 
evagination  from  the  somatopleur  on  each  side  of  the  body 
throughout  five  somites.  When  the  hinder  end  of  this  evagina- 
tion reaches  the  skin,  it  fuses  therewith,  and  the  place  of  fusion  is 
the  rudiment  of  the  duct  of  the  pronephros  (segmental  duct). 
This  grows  posteriorly,  gradually  separating  from  the  skin,  so 
that  its  latest  formed  end  is  always  fused  with  it.  The  meso- 
nephros  (Umier)  is  developed  shortly  after  the  appearance  of  the 
pronephros. 

In  the  frog  Fer^nyi  finds  that  the  duct  develops  as  a  canal- 
like separation  from  the  inner  (nervous)  cell-layer  of  the  epiblast, 
which  later  associates  itself  with  the  mesoderm  cells  of  the  inter- 
mediate cell-mass  (Ghrenzstrang). 

According  to  the  usually-received  account,  formation  of  the 
segmental  duct  may  take  place  in  two  ways — (1)  either  by  the 
closing  in  of  a  continuous  groove  of  the  somatic  peritoneal  epi- 
thelium (Cyclostomi,  anterior  end  only;  Lepidosteus ;  Teleostei; 
Amphibia) ;  or  as  a  solid  knob,  or  rod  of  cells  derived  from  the 
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somatio  mesoblast,  which  grows  backwards  between  the  epiblast 
and  the  mesoblast  (Cyclostomi,  posterior  portion  ;  Elasmobranohii ; 
Anmiota). 

Balfour  (1),  appreciating  the  difficulties  concerning  the  mor- 
phology of  the  duct,  wrote  thus : — ''  It  is  quite  certain  that  the 
second  of  these  processes  is  not  a  true  record  of  the  eyolution  of 
the  duct;  and  though  it  is  more  possible  that  the  process  observable 
in  Amphibia  and  the  Teleostei  may  afford  some  indications  of  the 
manner  in  which  the  duct  was  established,  this  cannot  be  re- 
garded as  by  any  means  certain/' 

One  question  always  presents  itself :  this  is — ^How  did  the  seg- 
mental duct  acquire  its  posterior  connection  with  the  cloaca  P  In 
the  development  of  the  duct  this  communication  is  effected  later 
than  its  first  appearance,  but  this,  evidently,  could  not  represent 
the  ancestral  condition.  There  are  also  several  difficulties  con- 
-ceming  the  general  homology  of  the  nephridia  themselves. 

Balfour  (1)  discusses  the  problem  in  the  following  words : — 
**  It  is  a  peculiarity  in  the  development  of  the  segmental  tubes, 
that  they  at  first  end  blindly,  though  they  subsequently  grow  till 
they  meet  the  segmental  duct,  with  which  they  unite  directly, 
without  the  latter  sending  out  any  offshoot  to  meet  them  (Sedg- 
wick maintains  that  the  ruterior  segmental  tubes  of  the  Chick  form 
an  exception  to  this  general  statement).  It  is  difficult  to  believe 
that  peritoneal  inf undibula  ending  blindly,  and  unprovided  with 
some  external  orifice,  can  have  had  an  exoretoiy  function,  and  we 
are  therefore  rather  driven  to  suppose  that  the  peritoneal  infun- 
dibula,  which  became  the  segmental  tubes,  were  either  from  the 
first  provided  each  with  an  orifice  opening  to  the  exterior,  or  were 
united  with  the  segmental  duct.  If  they  were  from  the  first  pro- 
vided with  external  openings,  we  may  suppose  that  they  became 
secondarily  attached  to  the  duct  of  the  pronephros  (segmental 
duct),  and  then  lost  their  external  openings,  no  trace  of  these 
structures  being  left,  even  in  the  ontogeny  of  the  system.  It 
would  appear  to  me  more  [probable  that  the  pronephros,  with  its 
duct  opening  into  the  cloaca,  was  the  only  excretory  organ  of  the 
unsegmented  ancestors  of  the  Ghordata,  and  that,  on  the  elonga- 
tion of  the  trunk  and  its  subsequent  segmentation,  a  series  of 
metameric  segmental  tubes  became  evolved,  opening  into  the  seg- 
mental duct,  each'tube  being  in  a  sort  of  way  serially  homologous 
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with  the  primitive  pronephros.  With  the  Begmentation  of  th& 
trunk  the  latter  Btruoture  itself  may  have  acquired  the  more  or  less 
definite  metamerio  arrangement  of  its  parts." 

"  Another  possible  view  is,  that  the  segmental  tubes  may  be 
modified  derivatives  of  posterior  lateral  branches  of  the  prone- 
phros, which  may  at  first  have  extended  for  the  whole  length  of 
the  body  cavity.  If  there  is  any  truth  in  this  hypothesis,  it  is 
necessary  to  suppose  that,  when  the  unsegmented  ancestor  of  the 
Chordata  became  segmented,  the  posterior  branches  of  the  primi- 
tive excretory  organ  became  segmentally  arranged,  and  that,  in 
accordance  with  the  change  thus  gradually  introduced  in  them, 
the  time  of  their  development  became  deferred,  so  as  to  accord  to 
a  certain  extent  with  the  time  of  formation  of  the  segments  ta 
which  they  belonged.  The  change  in  the  mode  of  development 
which  would  be  thereby  introduced  is  certainly  not  greater  than 
that  which  has  taken  place  in  the  case  of  segmental  tubes,  whioh^ 
originally  developed  on  the  Elasmobranch  type,  have  come  to  de- 
velop as  they  do  in  the  posterior  part  of  the  mesonephros  of 
Salamandra,  Birds,  &g." 

In  his  "  Comparison  of  the  Excretory  Organs  of  the  Chordata 
and  Invertebrata"  (/.  c.  p.  607),  Balfour  states : — "  The  excretory 
organs  of  the  Flatyelminths  are  in  many  respects  similar  to  the 
provisional  excretory  organ  of  the  trochosphere  of  Polygordius- 
and  the  Gephyrea  on  the  one  hand,  and  to  the  Vertebrate  pro- 
nephros on  the  other ;  and  the  Platyelminth  excretory  organ,  mtk 
an  anterior  opening^  might  be  regarded  as  having  given  origin  to 
the  trochosphere  organ,  while  that  with  a  posterior  opening  may 
have  done  so  for  the  Vertebrate  pronephros  (this  suggestion  has,  I 
believe,  been  made  by  Fiirbinger). 

"Hatschek  has  compared  the  provisional  trochosphere  excre- 
tory organ  of  Polygordius  to  the  Vertebrate  pronephros,  and  the 
posterior  Chsetopod  segmental  tubes  to  the  mesonephric  tubes,  the 
latter  homology  having  been  already  suggested,  independently,  by 
both  Semper  and  myself  [Balfour].  With  reference  to  the  com- 
parison of  the  pronephros  with  the  provisional  excretory  organ  of 
Polygordius,  there  are  two  serious  diflSoulties : — 

"  (1)  The  pronephric  (segmental)  duct  opens  directly  into  the 
cloaca,  while  the  duct  of  the  provisional  trochosphere  excretory 
organ  opens  anteriorly,  and  directly  to  the  exterior. 
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'^  (2)  The  pronephros  is  situated  within  the  segmented  region 
of  the  trunk,  and  has  a  more  or  less  distinct  metamerio  arrange- 
ment of  its  parts;  while  the  provisional  troohosphere  organ  is 
placed  in  front  of  the  segmented  region  of  the  trunk,  and  is  in  no 
way  segmented. 

''  The  comparison  of  the  mesonephrio  tubules  with  the  seg- 
mented excretory  organs  of  the  Chsetopoda,  though  not  impossible, 
cannot  be  satisfactorily  admitted  till  some  light  has  been  thrown 
upon  the  loss  of  the  supposed  external  openings  of  the  tubes,  and 
the  origin  of  their  secondary  connexion  with  the  segmental  duct.'' 
The  difficulties  concerning  the  phylogeny  of  the  segmental 
duct  led  Sedgwick  (9)  to  the  hypothesis  that  the  duct  may  be  com- 
pared with  ''  the  circular  canal  of  Medusae,  which  might  easily  be 
conceiyed  transformed  into  the  Vertebrate  segmental  duct,  the 
excretory  organs  themselves  being  developed  from  the  outer  parfc 
of  the  radial  canals."     At  a  more  primitive  stage  in  the  evolution 
of  Chordata  he  suggests  that   ''the  primitive  alimentary  canal 
acquired  a  well-arranged  system  of  ducts,  by  which  the  peripheral 
excretory  matters  were  carried  to  the  part  of  the  alimentary  canal 
near  the  hind  end  of  the  primitive  mouth  (future  anus) ;  that,  in 
consequence,  the  excretory  pores  [such  as  occur  in  the  circular 
canal  of  Medusfie]  were  not  wanted,  and  were  either  never  deve- 
loped, or,  if  developed,  lost." 

Sedgwick  summarises  his  conclusions  thus : — '^  With  regard  to 
the  endodermal  organs,  the  pouches  [archenteric  diverticula]  have 
become  diflferentiated  into  two  kinds — 

''  (1)  Anteriorly  a  certain  number  retain  their  communication 
with  the  exterior  and  with  the  gut. 

"  (2)  The  majority,  however,  lose  their  connexion  with  the 
gut  and  with  the  exterior,  but  remain  connected  by  the  peripheral 
canal,  which  behind  retains  (by  means  of  a  pouch  P)  its  communi- 
cation with  the  gut. 

"  (3)  A  posterior  pouch  loses  its  connexion  with  the  gut 
and  with  the  longitudinal  canal,  and  gives  rise  to  an  abdominal 
pore. 

"  The  first  group  of  pouches  become  the  gilMitSy  the  second 
become  the  coelom,  while  part  of  each  of  them  become  differentiated 
into  nephridia,  which  opens  into  the  longitudinal  canal  (pronephrio 
or  segmental  duct).     The  last  pair  of  pouches  gives  rise  to  a  part 
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of  the  ooelom,  and  retains  its  connexion  with  the  exterior  as  ao 
abdominal  pore/' 

LftDg  (7)  appears  to  have  been  the  first  to  compare  the  pores 
which  put  the  gastro-vasoular  system  of  Ooelenterates  into  direct 
communication  with  the  exterior  with  structures  found  outside  that 
group.  He  says : — **  In  certain  Folyclades  [Turbellaiia]  ramifi- 
cations of  the  intestine  open  to  the  exterior  by  excretory  pores^ 
either  on  the  dorsal  surface  {Planaria  aurantiaca  d.  Ch.),  or  on 
the  lateral  edge  (as  in  a  very  interesting  new  genus  of  the  family 
of  Proceridse),  thus  forming  a  complete  analogy  with  the  ex- 
cretory pores  which  are  found  at  the  edge  of  the  bell  in  certain 
Medusae. 

**  The  aquiferous  system  characteristic  of  other  Platyelmintha 
does  not  occur  in  the  Folyclades.  The  secretory  organs  of  these 
animals  are  formed  after  the  type  of  those  of  the  Coelenterata . 
excretion  in  the  two  groups  is  performed  by  means  of  diverticula 
from  the  intestine  which  open  to  the  exterior." 

Van  Wiihe  (13)  believes  that  "the  primitive  Craniotes  pos- 
sessed no  pronephric  duct,  the  pronephros  opening  to  the  exterior 
by  a  pore  laterally  from  the  gland.  This  orifice  migrated  later 
posteriorly,  and  its  outer  border  developed  into  the  duct,  and 
coming  into  contact  with  the  cloaca,  opened  into  it."  He  further 
goes  on  to  say,  that  the  epiblastio  origin  of  the  segmental  duct 
will  not  be  weldome  to  those  who  hold  that  the  Ohordata  were 
descended  from  Annelids ;  but,  for  his  part,  he  cannot  admit  the 
relationship  between  these  typos. 

Without  at  all  committing  myself  to  a  belief  in  the  ancestry  of 
the  Chordata  from  Cheetopod  Worms,  I  would  oflfer  the  following- 
considerations  as  tending  to  show  that  the  Vertebrate  excretory 
system  is  readily  comparable  with  that  of  Annelids,  now  that  the 
epiblastio  origin  of  the  segmental  duct  has  been  established. 

It  is  perfectly  well  known  that  the  nephridia  of  all  Inverte- 
brates open  directly  to  the  exterior,  and  in  the  segmented  Worms 
there  are  typically  a  pair  of  nephridia  for  each  somite.  The 
diagrams  (Plate  X.,  figs.  1  and  2)  schematically  represent  this 
arrangement. 

It  is  generally  admitted  that  the  early  (not  necessarily  the 
primitive)  Chordata  were  segmented,  and  it  is  not  unreasonable  to 
Kiippose  that  the  nephridia  were  segmentally  disposed,  as  there  is 
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usually  a  marked  segmental  arrangement  of  the  nephric  tubules  in 
ontology.  The  peripheral  orifices  of  the  nephridia  must  either 
have  opened  directly  to  the  exterior,  or  from  the  first  debouched 
into  a  longitudinal  canal.  Various  theories  have  been  framed  to 
explain  the  latter  arrangement;  but  the  former  condition  is  un- 
doubtedly more  easily  conceived,  one  difficulty  in  this  supposition 
being — ^What  has  become  of  the  primitive  external  openings  P 

Accepting  the  proposition  that  the  primitive  Chorduta  ne- 
phridia opened  directly  to  the  exterior,  we  have  only  to  assume 
that  the  lateral  area  along  which  they  opened  was  grooved,  and 
that  this  groove  extended  posteriorly  as  far  as  the  anus  (Plate  X., 
figs.  3-6). 

From  the  analogy  of  the  neural  groove,  there  is  no  great  diffi- 
culty in  further  supposing  that  the  nephric  groove  was  converted 
into  a  canal,  which,  becoming  separated  from  the  overlying  epi- 
blast,  might  sink  into  the  deeper-lying  parts  of  the  body. 

If  a  suggestion  may  be  hazarded  concerning  the  advantage  of 
converting  the  nephric  groove  into  the  nephric  duct,  it  may  be 
pointed  out  that  the  lateral  openings  of  the  nephridia  would  not 
be  far  removed  from  the  branchial  clefts,  and  the  need  of  pure 
water  for  respiratory  purposes  is  emphasised  by  the  now  acknow- 
ledged fact,  that  each  cleft  was  provided  with  its  own  sense-organ 
(now  metamorphosed  into  the  "thymus  gland").  The  develop- 
ment of  the  duct  from  before  backwards  supports  this  view. 

From  recent  researches  on  the  Lamprey  [Shipley,  10],  Newt 
[Alice  Johnson,  6J,  Alytes  [Gasser,  4J,  and  Frog  [Spencer,  12],  it 
has  been  proved  that  in  these  forms  the  blastopore  never  closes 
up,  but  persists  as  the  anus  [i.e,  the  opening  of  the  mesenteron 
into  the  cloaca). 

We  are  justified  in  assimiing  the  persistence  of  the  blastopore 
as  the  anus  in  early  Ohordata :  thus,  if  the  nephric  groove  were 
continued  round  to  the  anus,  it  would  practically  open  into  the 
extreme  hinder  end  of  the  mesenteron,  in  other  words,  into  the 
urodseum  [Gadow,  3]. 

Probably  about  the  same  time  that  the  nephric  groove  was 
being  converted  into  the  nephric  canal  (segmental  duct)  the  proc- 
todaeum  was  being  invaginated.  The  latter  would  push  before  it 
the  posterior  orifice  of  the  nephric  canal,  as  is  represented  in 
Plate  X.,  fig.  6. 
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The  nephridia  themselveB  appear  to  be  of  mesoblastio  origin. 
It  is  possible  that  the  arohinephros  extended  throughout  the 
greater  length  of  the  body,  as  in  Chaetopod  Worms,  but  that  in 
tune  an  anterior  section  (pronephros)  oame  to  be  developed  earlier 
than  the  posterior  portion  (mesonephros). 

The  preoooiousness  in  the  development  of  the  segmental  duot 
in  ontogeny  is  not  necessarily  a  difficulty,  as  it  can  be  paralleled 
by  many  other  organs. 

On  the  hypothesis  just  sketched  out,  the  nephridia  always  open 
by  their  original  epiblastic  pores— primitively,  directly  to  the  ex- 
terior ;  secondarily,  into  a  canal  separated  from  the  epiblast :  also 
the  archinephroB  could  be  equally  effectively  functional  throughout 
the  whole  period  of  its  modification. 
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EXPLANATION  OP  PLATE  X. 

DuoRAMB  Illustbatino  thb  Pbobablb  Evolution  of  thb  BsaiiBNTAi^ 
(Abohimbshbig)  Duct. 

a.,  primitive  anus,  or  nrodsDum  (blastopore) ;  a2.,  alimentary  canal ; 
oo.,  dorsal  aorta ;  ca.y  ccelom ;  «.<>.,  external  orifice  of  nephridiom ; 
gL,  glomerulus  of  archinephros ;  gr.^  nephrio  groove;  1,0.^  internal 
(coBlomic)  ciliated  orifice  of  nephridium ;  pr,^  proctod»mn  (epi- 
blastic  cloaca) ;  s.d.,  segmental  (archinepbric)  duct. 

Fig.  1. — ^Horizontal  view  of  tbe  arrangement  of  the  nephridia  in  Seg- 
mented Worms. 

„     2. — Transverse  section  through  the  body  of  an  Earthworm  {Lum- 
bricus), 

„     8. — Transverse   section    through   the   trunk  of  a  hypothetical 
primitive  representative  of  the  Ghordata. 

„    4. — End  view  of  the  same,  to  show  the  anus  lying  within  the 
nephric  groove. 

„     5. — ^Horizontal  view  of  probable  disposition  of  the  nephridia  of  the 
same. 

„     6. — Horizontal  view  of  ideal  archinephros  of  the  lower  Verte- 
brates. 
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XLm.— NOTE  ON  THE  ARBANGEMENT  OF  THE  MESEN- 
TERIES IN  THE  PARASITIC  LARVA  OP  HAL- 
CAMPA  CHEYSANTHELLUM  (Peach).  By  A.  C. 
HADDON,  M.A.,  M.R.I.A.,  Professor  of  Zoology  in  the 
Royal  College  of  Science,  Dublin.    (Plate  XI.) 

[Bead,  February  16,  1887.] 

In  1859  L.  Agasaiz  recorded  from  the  east  coast  of  North  America 
an  Actinia  parasitic  on  Medusfle,  which  he  named  Bicidium  parch 
Mica.  This  has  since  been  found  by  VerriU  in  1862,  and  hj 
A.  Agassiz  in  1865.  Still  more  recently  (1884),  Mark  ^  has  given 
a  preliminary  account  of  a  larval  Edwardsia,  which  is  parasitic 
within  the  gastro-vascular  canals  of  the  Ctenophore  Mnemiopm 
leidyi. 

On  this  side  of  the  Atlantic,  T.  Strethill  Wright,  in  1859,  gave 
an  account  of  a  small  Actinia,  also  parasitic,  on  Hydromedusse, 
from  the  Firlh  of  Forth,  which  he  named  Halcampa  Fultmii;  and, 
in  the  following  year,  F.  Miiller  described  a  similar  form,  which 
he  named  Philomedusa  vogiiiy  from  the  Santa  Catherina,  on  the 
Italian  Eiviera.  E.  Qraeffe  described,  in  1883,  a  parasitic  Hal- 
campa from  the  Adriatic,  which,  "  as  the  development  of  Halcampa 
chrysanthellum  is  not  known,  this  form  must,  provisionally,  be 
separated  from  H.  chryaanthellum  as H.  medusophila" 

The  author  exhibited,  and  made  remarks  upon,  two  specimens 
of  a  parasitic  Halcampa  at  a  meeting  of  the  Boyal  Irish  Academy,, 
on  June  22,  1885,  and  a  record  was  published  in  the  following 
year.  In  this  communication  it  is  stated  that  Prof.  A.  Macalister 
of  Cambridge  (late  of  Dublin)  had  informed  the  author,  by  letter, 
that  he  had  met  with  this  Halcampa,  and  perhaps  another  form, 
but  neither  of  them  in  Dublin  Bay.  Specimens  were  also  obtained 
in  Dublin  Bay  in  June,  1886,  and  on  June  6,  in  the  same  year,  oif 


^  *'  Selections  from  Embryological  MonographjB,"  compiled  by  A.  Agassiz,  W. 
Faxon,  and  £.  L.  Aluik,  Bull.  Mus.  Comp.  ZooL,  Harvard  Coll.  (Camb.,  U.  S.  A.), 
p.  43,  pi.  zii. 
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Ballyootton,  Co.  Cork.     On  the  same  day  Ealcampa  chrysantheUum 
■was  dredged  from  fifty-two  fathoms. 


BiBUOOBAPHT  OF  LaBYAL  AoTINUE   FABASITia  ON   MbDUBJB. 

Horih  European  Seas. 

FeachiafuUoni,         .        .     T.  Strethill  Wright,  1869,  Proc.  Ray.  Soe. 

Edinb.y  ii.,  p.  91,  1860  ;  New  Edinb. 
Phil.  Joum.,  xii.,  p.  156. 

HdUampa^     „  .         .    Reprinted  in  .Inn.  Mo^.iVo^.  Iftst.  (8),  viii., 

1861,  p.  182. 

„  „  .        .    O.  Leslie  and  W.  A.  Herdman,  1881,  7ft- 

vert.  Fauna  of  Firth  of  Forth,  p.  68 
(merely  repeats  Wright's  record). 

Philomedusa  „  .         .     A.  Andres,   1888,   Le  Attinie,  AtU.   Ace, 

Bom.  (8  a).  xiv.  [Fauna,  u.  Ft.  d. 
Oolfes  V.  Neapd  (1884),  p.  114.] 

Halcampa  chrysanilieUumy      A.  C.  Haddon,  1886,  Proc.  Boy.  Dublin 

Soc.  (N.  S.),  v.,  p.  11 ;  Proc.  Boy. 
Irish  Acad.  (2),  iv.,  Sci.,  p.  627. 
(Noted  in  Zoologist,  1886,  p.  7). 

There  can  be  little  doubt  concerning  the  justice  of  considering 
the  above  to  be  the  larval  form  of  Halcampa  chrysanthellum  ;  the 
form,  colour,  structure,  and  histology  support  this  conclusion. 

In  the  only  three  localities  where  the  parasitic  larva  has  been 
hitherto  found  the  adult  Ealcampa  chrysanthellum  has  also  been 
obtained,  viz.  Firth  of  Forth  (Leslie  and  Herdman,  loc.  cit.y  p.  62, 
•on  the  authority  of  F.  E.  Schulze,  '^  Zoologische  Ergebnisse  der 
Nordseefahrt,"  iii.  Coelenterata,  p.  140:  Berlin,  1874),  Dublin 
Bay,  and  Cork  (A.  0.  H.). 

In  a  former  paper  \_Proc.  Boy.  Dubl.  Soc.  (k.s.),  v.,  1886,  p.  I J 
I  have  endeavoured  to  show  that  the  forms  known  as  JSdwardsia 
duodecimcirrata,  Bars  (from  Norway  and  E.  Denmark),  Zanthiopu^ 
bilateraliSy  Kef.,  and  X.  vittatusy  Kef.  (from  N.  France),  are  one 
and  the  same  with  this  species.  If  this  be  so,  the  parasitic  larva 
must  have  an  equally  North  European  range. 
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Philomedusa  vogtii,    . 


>>  »» 


Halcampa  medusophUay 


■editerraneaiL 

Fritz  Miiller,  1860,  Wiegmann's  Archiv  /. 
Naturg,,  xxvi.,  p.  57  [reprinted  in 
Ann.  Mag.  Nat  Hist.  (8),  vi.,  1860, 
p.  482.] 

A.  Andres,  1888,  Le  Attinie,  Attc  Ace.  Bom. 
(8  a),  xiv.  [Fauna  u.  Ft.  d.  Qolfes 
V.  Neapel  (1884),  p.  112] . 

E.  Graeffe.  1888,  BoU.  d.  Soc.  Adriatica  di 
Set.  Nat,  Trieste,  vii. 


As  HalcampeUa  endromitata  (Andres),  is  tlie  only  ]!if editerranean 
example  of  the  Halcampidae,  the  ahove-mentioned  forms  are  pro- 
bably the  parasitic  larva  of  that  species. 

Coast  of  Hew  England— ITorih-East  America. 

Bicidium  parasiticum,        .     A.  Agassiz,  1859,  Proc.  Boston  Soc.  Nat. 

Hist.,  vii.  (1861),  p.  24. 

„  „  .     A.  E.  Verrill,  1862,  Mem.  Boston  Soc.  Nat. 

Hist.,  i.  (1866),  p.  81,  pi.  i.,  figs. 
14,  15. 

„  „  .     E.  0.  and  A.  Agassiz,  1865,  Seaside  Studies 

in  Natural  History,  Boston,  p.  15, 

fig.  14. 
.     A.  E.  Verrill,  1866,  Proc.  Boston  Soc.  Nat. 

Hist.,  X.,  p,  888. 
.     A.  E.  Verrill,   1878,  Report    U.   S.   Fish 

Com.,  i.,  1871-2,  p.  789. 
.     A.  Andres,  1888,  Le  Attinie,  Atti.  R.  Ace. 

Lincei,  Rome  (8  a),  xiv.  {Fauna  u. 

Fl.  d.  Oolfes  V.  Neapel,  1884,  p.  112, 

fig.  9. 

From  Verrill's  accounts  (1862  and  1866)  there  can  be  no  doubt 
that  the  above  parasitic  Anemone  is  really  a  Peachia;  it  must, 
therefore,  be  known,  for  the  present,  as  P.  parasitica  ;  but  in  the 
latter  paper  Verrill  states  that  it  is  very  much  like  Siphonactinia 
(Peachia)  Bceckii  (Dan.  &  Kor.  1856)  in  form  and  colour.    The 


Peachia  parasitica. 


Philomedusa 
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oolour  is  purplish-brown,  or  red,  and  the  length  32  mm.  -  to  46  mm. 
With  the  exception  of  two  specimens  of  very  large  size  found 
buried  in  the  gravel,  at  low  water-mark,  at  Eastport,  Maine 
(Verrill,  1873),  this  form  is  only  known  as  parasitic  in  the  lip-folds 
•of  Cyanea  aretica^  from  Cape  Cod  to  the  Bay  of  Fundy. 

Southern  Oeean. 

Actinia  davtts,  .         .     Quoy  et  Oaimard,  1888,   Voyage  de  VAs- 

trolabe,  p.  150,  pi.  z.,  figs.  6,  11. 

Iluanthos     „  .        .    Milne  Edwards,  1857,  Hist.  Nat.  des  ConU- 

UaireSj  i.,  p.  284. 

Philomedusa  clavus,  .         .     Andres,  1888,  Le  Attinie,  Atti.  Ace,  Earn. 

(8  a)  xiv.  [Fauna  u.  FL  d.  Goljcs  v. 
Neapd  (1884),  p.  114.] 

Halcampa        „        .         .     B.  Hertwig,  1882,  ^ctimana,  **CAa22tf7i^^'* 

Reports,  p.  92. 

Quoy  and  Gtkimard  found  several  specimens  of  this  Halcampa 
entangled  {engages)  in  the  tentacles  of  a  medusa.  It  was  7-8 
lines  long  in  its  greatest  extension,  and  only  three  when  oon« 
tracted;  translucid  white  in  colour;  12  short  tentacles.  They 
obtained  it  in  Bass'  Straits,  Australia,  lat.  38°  S. 

R.  Hertwig  identifies  an  Halcampa  dredged  by  the  Challenger 
at  Kerguelen  (25-120  fathoms)  as  this  species. 

It  is  interesting  to  observe  that  certain  fat  least)  of  the 
members  of  the  three  families,  EdwardsidaB,  Halcampidad,  and 
Siphonactinidae,  pass  through  a  stage  during  which  they  are  para- 
sitic on  MeduB8B  or  Ctenophores.  There  is  now  a  good  deal  of 
evidence  in  favour  of  the  view,  that  the  Edwardsidaa  and  Halcam- 
pid»  are  more  dosely  related  than  was  formerly  thought  to  be  the 
case ;  and,  so  far  as  my  investigations  on  Peachia  have  gone,  I  am 
led  to  beUeve  that  the  SiphoncustinidsB  are  closely  related  to  the 
latter.  Be  this  as  it  may,  the  genus  Philomedusa  must  now  be 
discarded. 

As  before  mentioned,  in  1885  I  found  one  or  two  specimens  of 
the  larval  Halcampa  in  Dublin  Bay,  and  again  in  1886,  in  July  of 
that  year,  I  also  found  a  specimen  oS  the  coast  of  Cork.    They 
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were  usually  attached  to  the  stomadi  on  the  sub-umbrella  (PL  XL, 
figs.  1,  2)  of  different  species  of  Leptomedusee.  Occasionally  they 
adhered  to  the  margin  of  the  disc.  With  a  little  care  they  can  be 
kept  alive  some  time,  and  will  feed  on  small  pieces  of  meat  when 
medusae  are  not  to  be  had. 

When  first  obtained  some  specimens  measured  a  little  under 
3  mm.  in  length,  and  one  grew  to  about  5  mm.  in  length. 

The  body  was  sub-conical  in  form,  the  column  not  being  dis  • 
tinctly  divided  into  the  three  regions  (capitulum,  scapus,  and 
physa)  so  characteristic  of  the  adult.  The  middle  portion  was 
especially  corrugated,  and  indented  at  the  insertion  of  the  mesen- 
teries. The  body  could  be  slowly  lengthened  or  contracted ;  it 
was  uniformly  clothed  with  small  cilia.  There  were  only  eight 
short  tentacles.  At  first  they  were  very  short,  but  afterwards  they 
grew  relatively  longer. 

The  Medusa  appears  to  be  but  little  incommoded  by  the 
parasite ;  but  it  probably  succumbs  in  time  to  its  guests.  In  its 
ordinary  condition  the  Anemone  sinks  in  the  water  when  taken 
from  the  Medusa ;  but  it  can  extrude  its  mesenteries  through  its 
mouth  for  a  considerable  distance  (Fl.  XI,  fig.  5).  These  enable 
it  to  float  at  the  surface  of  the  water,  and,  at  the  same  time,  to 
attach  itself  to  passing  Medussd.  This  is  probably  the  manner  by 
which  it  secures  a  continual  supply  of  food. 

They  had  a  uniform  yellowish  flesh-colour,  with  eight  rudi- 
mentary tentacles.  The  tentacles  grew  longer,  and  were  tinged 
with  brown  and  yellowish  white.  The  disc  also  became  variegated 
with  brown,  and  the  body  translucent,  revealing  the  yellow  oeso- 
phagus. At  the  last  observed  stage  the  body  was  almost  colour- 
less— the  oesophagus  yellow,  the  capitulum  possessed  a  pair  of 
cream-coloured  spots  below  each  tentacle,  and  the  insertion  of  the 
mesenteries  were  of  the  same  colour — the  eight  tentacles  had  on  their 
oral  surface  two  transverse  bars  of  white  at  the  base,  and  a  single 
bar  half-way  along  their  length.  Above  this  was  a  large  brown 
spot,  and  a  pair  below  it ;  and  above  the  basal  lines,  between  the 
two  brown  spots,  is  a  small  white  one.  The  disc  was  prominent, 
with  white  radial  lines,  the  areas  being  brown,  finally  speckled  with 
white,  each  having  prominent  white  spots  at  the  mouth. 

Although  there  were  eight  tentacles  there  were  twelve  mesen- 
teries.   The  tentacles  were  arranged  in  two  groups  of  three,  and  a 
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f'ingle  tentacle  between  eaoh  group.  A  deep  siphonogljphe,  was 
present,  thuB  causing  the  mouth  to  be  T  shaped.  The  siphono- 
glyphe,  being  in  the  axial  line,  indicates  the  disposition  of  the 
tentacles.  On  reference  to  Fl.  XI.,  fig.  4,  it  will  be  seen  that 
the  intennesenterial  chamber  on  each  side  of  the  axial  or  directive 
chamber  is  produced  into  a  tentacle.  Of  the  three  remaining 
lateral  chambers,  only  the  centre  possesses  a  tentacle. 

All  the  previous  accounts  of  the  parasitic  larva  of  Halcampa 
agree  in  the  fact  of  twelve  tentacles  being  present.  This  can  only 
be  accounted  for  by  supposing  that  the  larvae  were  more  developed 
than  mine.  This  was  certainly  the  case  in  Strethill  Wright's 
specimens,  and  in  my  oldest  examples  I  found  indications  of  the 
sprouting  of  some  of  the  missing  tentacles.  It  is,  of  course, 
possible  that  the  Mediterranean  form  acquires  its  twelve  tentacles 
very  early. 

Meyer  and  Mobius  (Arch.  f.  Naturg.,  1863,  p.  70)  mention  that 
in  their  adult  examples  of  ^^  Edtoardsia  duodedmcirratay*  Sara. 
[Halcampa  chrysanthellum\  the  number  of  tentacles  varied  from 
eight  to  twelve,  but  never  more  than  the  latter  number. 

By  making  a  series  of  transverse  sections  I  was  enabled  to  trace 
out  the  arrangement  of  the  mesenteries  in  a  more  satisfactory  man- 
ner than  could  be  effected  by  an  examination  of  the  living  animal. 

In  the  OBSophageal  region,  the  twelve  mesenteries  appear  to 
have  equal  importance.  The  siphonoglyphe  causes  what  may  be 
termed  the  ventral  directive  mesenteries  to  be  much  bent.  At  the 
lower  extremity  of  the  oesophagus  four  of  the  mesenteries  fall  short 
of  joining  the  oesophagus.  The  siphonoglyphe  extends  for  a  short 
distance  beyond  the  oesophagus  proper  (PL  XI.,  fig.  8). 

In  the  gastric  region  of  the  body  there  are  eight  large  mesen- 
teries, which  alone  bear  the  swollen  digestive  borders.  It  will  be 
noticed  that  it  is  those  intra-mesenterial  chambers,  bounded  by  a 
strong  and  a  weak  mesentery,  which  are  not  prolonged  into  ten- 
tacles. The  dorsal  directive  mesenteries  also  appeared  somewhat 
smaller  than  the  remaining  six.  The  same  general  arrangement 
occurred  at  the  posterior  end  of  the  body,  except,  of  course,  that 
the  mesenteries  have  no  thickened  edges. 

It  is  probable  that  at  a  slightly  earlier  stage  only  the  eight 
strong  mesenteries  are  present,  as  an  increase  in  the  number  of 
tentacles  with  the  growth  of  the  animal  is  oharacteristio  of  most 
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sea-anemones,  and  in  our  species  the  adult  has  twelve  rudimentaiy 
mesenteries  in  addition  to  the  twelve  primaries  [of.  Proc.  Roy.  Dub. 
8oe.  (N.S.)  v.y  1886,  p.  12,  fig.  4].  The  same  ooours  in  H.  arenaceay 
Haddon^ ;  hut  aooording  to  K.  Hertwig,  there  are  only  the  twelve 
primaries  in  JET.  clavus,  Quoj  et  Gaimard. 

The  brothers  Hertwig  ^  first  insisted  upon  the  systematic  im- 
portance of  the  disposition  of  the  muscular  bands  on  the  mesenteries. 
A  oomparison  of  the  diagrams  on  Fl.  XI.  will  demonstrate  the  fact 
that  the  eight  strong  mesenteries  of  the  larval  Halcampa  perfectly 
corresponds  with  the  eight  mesenteries  of  Edwardsia.  The  Hert- 
wigs  have  further  shown  that  the  normal  Hezaotina  pass  through 
a  stage  in  which  there  are  eight  strong  and  four  weak  mesenteriea 
(PL  XI.,  figs.  10, 11) ;  but  it  will  be  seen  that  these  mesenteries  do 
not  correspond  with  those  of  the  larval  Halcampa  and  adult 
Edwardsia  on  the  one  hand,  or  with  those  of  the  OctactinisB  on  the 
other. 

The  inequality  in  the  development  of  the  septa  of  the  adult 
Halcampa  was  first  pointed  out  by  B.  Hertwig'  (Actiniaria,  ^^  Chal- 
lenger  "  ReporUy  Zoology,  vi.,  1882,  p.  95).  He  found  that  four 
were  somewhat  smaller  than  the  eight  others.  I  have  quoted  {Joe.  ciL 
pp.  7y  8,  footnote)  an  observation  of  Dixon's  confirming  this,  and 
8trethill  Wright  found  the  same  in  his  larval  form.  He  says : — 
"  Eight  septa  were  continued  downwards  to  the  lower  extremity  of 
the  body,  and  had  their  free  edges  bordered  by  a  convoluted  cili- 
ated band,  furnished  with  cnidse,  or  thread  cells;  the  intersepta 
(i.e.  the  four  smaller  mesenteries)  bore  no  convoluted  bands.'' 

On  a  future  occasion  I  propose  to  give  a  detailed  account  of  the 
anatomy  of  Halcampa  chrysanthellum ;  for  the  present  I  would 
merely  state  that  I  find  that,  in  the  adult,  the  generative  organa 
only  occur  on  six  mesenteries.  These  correspond  with  the  eight 
strong  mesenteries  mentioned  above,  less  the  dorsal  pair.  The 
axial,  or  directive  mesenteries,  which  support  the  siphonoglyphe, 
are  here  considered  as  the  ventral,  and  the  opposite  pair  as  the 
dorsal. 

The  Hertwigs  also  pointed  out  that  the  Actinidfie  (larval  forms) 


I  Fiist  fieport  *'  On  the  Marine  Fauna  of  the  South-west  of  Ireland — Actinozoa,** 
Fro€.  R.  IrxMh  Aead.  (2)  iy.  (Sci.),  1886,  p.  616. 

'  Die  Jlctinien  (Stndien  zur  Blattertheorie),  0.  and  B.  Hertwig,  Jena,  1879. 
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EdwardsisB,  and  Alojonarla  exhibit  three  different  ways  in.  whidi 
the  eight  mesenteries  may  be  disposed.  They  regarded  the  mesen- 
teries as  synmietrioal — i.e.  four  dorsal  and  four  ventral  in  the 
AotinidsBy  as  six  dorsal  and  two  ventral  in  the  Edwardsisd,  while 
in  the  Aloyonaria  all  the  eight  mesenteries  are  dorsal. 

Although  my  observations  are  inoomplete,  I  have  thought  it 
desirable  to  plaoe  them  on  record,  as  it  may  be  some  time  before  I 
am  able  to  discuss  the  question  at  greater  length.  For  the  present, 
we  may  assert  that,  although  the  adult  Haloampa  dosely  re- 
sembles the  ordinary  Actinise  in  the  ratio  of  its  tentacles,  and  the 
disposition  of  its  mesenteries,  the  larval  form  is  undoubtedly  more 
nearly  related  to  the  Edwardsise. 


EXPLANATION  OP  PLATE  XI. 

(Figs.   6-14  are  purely  diagrammatic,) 

Fig.    1. — Thaumantdas  globosa,  Forbes  {Phialidium  variaUe,  Eteckel), 
with  parasitic  Halcampa ;  nat.  size. 

„      2. — ^The  same ;  magnified  4  diameters. 

„      8. — ^Parasitic  larva  of  Halcampa  chrysantheUum,  older  than  that 
of  fig.  1 ;  magnified  5  diameters. 

„      4. — Oral  disc  of  a  still  older  larva,  with  eight  tentacles,  bat 
twelve  mesenteries,  and  showing  the  siphonoglyphe. 

„      6. — Oral  aspect  of  larva  with  extended  mesenteries ;  about  6 
diameters. 

„      6. — Transverse  section  of  larval  Halcampa  through  the  middle  of 
the  oesophagus  (stomodseum). 

„      7. — Transverse  section  of  .larval  Halcampa  through  the  lower 
portion  of  the  oesophagus  (stomodaBum). 

„      8. — Transverse  section  of  larval  Halcampa  immediately  below 
oesophagus  (stomodsum). 
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Fig.  9.— Transverse  section  of  larval  Halcampa  in  the  gastric  region. 

„    10. — Transverse  section  of  young  larva  of  Aptasia  diaphana  (after 
B.  and  0.  Hertwig). 

„    11. — ^Transverse  section  of  slightly  older  larva  of  Aptasia  diapfuma 
(after  B.  and  0.  Hertwig). 

„    12. — Transverse  section  of  adult  Edwardda  tuherctdata  through  tLe 
oesophagus  (after  B.  and  0.  Hertwig). 

„    18. — Transverse  section  of  adult  Alcyanium  ddgitatum  through  the 
oesophagus. 

„    14. — Transverse  section  of  adult  FunicuUna  quadrangularis  through 
the  oesophagus  (after  A.  Milnes  Marshall). 
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XLIV.— NOTE  ON  A  GRAPHICAL  METHOD  OF  SOLVING 
CERTAIN  OPTICAL  PROBLEMS.  By  HOWARD 
GRUBB,  P.R.S. 

[Bead  Febroary  16,  1887.] 

In  the  oaloulation  of  ouryes  of  optical  lenses  it  is  frequently  re* 
quired  to  add  and  subtraot  reoiprooals ;  and  f ormulaa  of  the  form 

1      JL-i 
a        /3  "^  i»? 

are  of  oonstant  reourrenoe. 

In  the  studjy  where  a  logarithm  book  is  available,  the  arith* 
metio  of  this  is  generally  very  simple;  but  in  the  workshop  or 
laboratory  a  graphical  method  of  solving  the  problem  is  often 
more  convenient,  particularly  in  the  hands  of  workmen  who  have 
not  had  a  mathematical  training. 

In  the  working  out  of  some  optical  diagrams  on  logarithmic 
paper  I  accidently  arrived  at  the  following  graphical  solution, 
which  I  have  found  very  useful,  and  on  the  principle  of  which  I 
am  constructing  a  calculating  machine  suitable  for  solving  these 
particular  problems : — 


Draw  a  horizontal  line  =  the  a  of  above  formula,  and  erect  at  one 
extremity  a  vertical  =  (3.  Join  the  extremities  of  these  two  lines. 
Bisect  the  right  angle,  and  produce  the  bisecting  line  tiU  it  reaches 
the  line  joining  the  extremities  of  the  lines  a  and  J3.    From  the 
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point  of  intersection  drop  a  perpendioular  on  the  line  a,  and  the 
length  of  thifl  perpendioular  on  the  same  so&le  will  be  eqnal  to  «  in 

Jtbove  f ormnla,  or  -  — ^. 

Aooording  to  this  principle^  a  machine  can  be  constructed  in 
which  the  various  quantities  can  be  read  off  by  scales,  without  any 
calculation  whatever. 

I  hope  shortly  to  be  able  to  exhibit  such  a  machine  to  the  Boyal 
Dublin  Society. 
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XLV— AN  EXPEEIMENT  ON  THE  SURFACE  TENSION  OF 
LIQUIDS.  BtA.  B.WALSH.  (Communicated  by  F.  T. 
Tboutov.B.B.) 

[Bead,  Febnury  16,  1887.] 

The  fact  that  an  oily  needle  will  float  on  the  surfaoe  of  water  haa 
been  known  for  a  long  time,  and  is  often  referred  to  as  an  experi- 
ment illustrating  the  tension  of  the  surfaoe  between  water  and 
air. 

If  a  medium-sized  needle  (No.  6)  is  placed  floating  on  water, 
and  oliye  oil  is  gently  poured  on  the  surface  of  the  water,  until 
the  needle  is  covered  by  the  oil,  the  needle  sinks  to  the  bottom  of 
the  water. 

But  if  the  same  experiment  be  made,  using  this  time  petroleum 
instead  of  olive  oil,  the  needle  will  remain  floating  on  the  surfaoe 
of  the  water. 

The  depression  formed  by  the  needle  and  oil  resembles  a  boat, 
the  sides  of  which  are  fonned  by  the  depressed  surfaoe  of  the 
water,  while  the  contents  oonsiBt  of  the  oil  and  the  needle. 

If  the  needle  used  in  the  two  experiments  be  the  same,  the 
amoimt  of  oil  in  the  boat  depends  upon  the  specific  gravity  of  the 
oil ;  while  the  amount  of  oil  the  boat  will  bear  without  the  sides- 
giving  way  depends  upon  the  strength  of  the  sides,  that  is  to  saj^ 
on  the  superficial  tension. 

Let 
V  and  S  be  the  volume  and  density  of  the  water  displaced; 
F'  and  V  be  the  volume  and  density  of  the  oil  in  the  boat ; 
F"  and  8"  be  the  volume  and  density  of  the  needle ; 
then 

rz-^rv^r'^'.  (i) 

F-  F+  F".  (2) 

Since  S'  is  always  nearly  equal  to  S,  and  small  compared  with  ST, 


Digitized  by  LjOOQ IC 


Walsh — On  the  Surface  Tension  of  Liquids.  485 

the  value  of  the  fraction  in  (3)  depends  upon  the  value  of  S'- 
The  volume  of  water  displaced,  therefore,  varies  as  F'  and  as  8'. 

The  following  Table,  taken  from  the  memoir  of  M.  Quincke, 
gives  in  grammes  weight  per  lineal  metre,  the  tension  of  the 
surface  at  20°  0.,  separating  water  from  air,  olive  oil,  and  petro- 
leum:— 

Superficial  Tension  in  Orammes  Weight  per  Lineal  Metre. 

Between  water  and  air,  .        .        .    8*258 

Between  water  aad  olive  oil,  .         .    2- 096 

Between  water  and  petroleum,  •    2834 


Specific  Oravities. 

Olive  oU, '916 

Petroleum, '840. 

When  olive  oil  is  poured  on  the  surface  of  water  upon  which 
a  needle  is  floating,  the  high  specific  gravity  of  the  oil,  and 
the  weakness  of  the  surface  separating  it  from  water,  combine 
together  to  sink  the  needle. 

In  order  that  a  needle  should  be  able  to  float  between  olive 
oil  and  water,  it  would  be  necessary  for  the  weight  of  water  dis- 
placed to  be  twice  as  great  as  the  weight  of  water  displaced  when 
the  same  needle  floats  between  petroleum  and  water. 

With  a  certain  needle,  the  volume  of  the  water  displaced  was 
found  to  be  thirty-five  times  the  volume  of  the  needle. 

In  order  that  the  same  needle  might  float  between  olive  oil 
and  water,  the  volume  of  water  displaced  would  require  to  be 
seventy  times  the  volume  of  the  needle. 

It  is  possible  for  a  very  small  needle  to  float  on  water  which  ia 
covered  by  olive  oil ;  for  by  halving  the  volume  of  the  needle,  the 
volume  of  the  water  displaced  is  at  the  same  time  halved. 
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XLVL— THE  BLACK  MAEBLE  OP  KILKENNY.  By  W.  N. 
HABTLET,  F.  B.  S.,  Professor  of  Chemistry,  Boyal  Cdlege 
of  Sdenoe,  Dublin. 

[Bead,  Febnuuy  16,  1887.] 

This  well-known  marble  is  highly  esteemed  on  aeoount  of  its  jet- 
black  appearance  and  the  high  polish  Vhich  it  is  capable  of  receiv- 
ing. Last  April  I  visited  the  quarries  from  which  it  is  procured, 
and  observed  certain  properties  belonging  to  it  of  which  I  can  find 
no  description.  It  is  mentioned  in  Sir  Robert  Kane's  work  on 
^'The  Industrial  Eesources  of  Ireland"  that  the  exposed  and 
weathered  surfaces  of  the  rook  possess  a  yellow  ochreous  colour. 
This  might  be  due  to  the  colour  of  the  freshly-hewn  stone  being 
caused  by  the  presence  either  of  ferrous  sulphide  or.  of  ferrous 
carbonate,  which,  in  presence  of  carbonic  add  and  air,  became  dis- 
solved and  oxidised.  The  disappearance  of  the  black  colour  from 
the  8urfiEU)e  was  remarkable.  On  striking  a  block  of  the  marble 
with  a  hammer  or  large  stone  it  emitted  a  ringing  metflJlio  sound. 
When  portions  were  broken  off,  the  fractured  surface  smelt  of  sul* 
phuretted  hydrogen.  Under  similar  circumstances  the  German 
'''Stinkstein"  is  said  to  smell  of  bituminous  matter.  The  con- 
stituents of  the  mineral  were  determined  by  Mr.  J.  E.  Purvis,  a 
student  in  the  Boyal  CoUege  of  Science ;  the  results  of  his  exami- 
nation are  here  given : — 

Chemical  Analysis. 

When  the  mineral  was  finely  powdered  and  thoroughly  mixed 
its  colour  was  a  little  lighter,  but  still  what  may  be  described  as 
black.  Carbon  dioxide  was  determined  by  Fresenius  and  Will's 
method :  the  escaping  gas  smelt  of  sulphuretted  hydrogen. 

Estimation  of  Sulphuretted  Hydrogen, — It  was  found  by  Mr. 
Fred  Ibbotson,  who  made  a  qualitative  examination  of  the 
mineral,  that  sulphuretted  hydrogen  was  liberated  by  aoetio 
add,  also  that  precipitated  ferrous  sulphide  is  decomposed  hy 
acetic  acid;  therefore  nothing  could  be  learnt  by  dissolviug  the 
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mineral  in  aoetio  aoid.  The  gases  evolved  by  hydrochlorio 
aaid  acting  ^  upon  ten  grams  of  the  substance  were  passed 
through  two  U  tubes  oontaining  acidulated  solution  of  copper 
sulphate :  a  brown  precipitate  formed  only  in  the  first  limb 
of  the  first  tube ;  this  was  collected  on  a  filter,  washed,  dried,  and 
weighed.  It  was  considered  that  as  the  quantity  collected  was  very 
small,  and  water  was  contained  in  the  mineral,  that  the  sulphu- 
retted hydrogen  was  in  solution  in  fluid  enclosures  too  small  to  be 
visible,  and  that  possibly  it  was  present  as  calcium  sulphydrate. 
A  large  quantity  of  the  substance  was  crushed  under  distilled 
water,  and  on  testing  the  liquid  with  lead  paper  a  black  stain  of 
lead  sulphide  was  obtained.  The  aqueous  solution  was  filtered; 
ihe  filtrate  was  evaporated  to  dryness,  and  a  light-brown  residue 
was  left.  Examined  with  the  spectroscope,  the  residue  was  foimd 
to  contain  a  compound  of  calcium  only.  Another  portion,  crushed 
mider  water,  filtered,  and  treated  with  ammonium  chloride,  am- 
monia, and  ammonium  oxalate,  yielded  a  white  precipitate,  small 
in  amount,  and  consistiDg  of  calcium  oxalate.  A  portion  of  the 
residue  left  after  evaporation  of  the  aqueous  solution  was  oxidised 
with  nitric  acid,  and  tested  with  barium  chloride,  by  which  treat- 
ment a  precipitate  of  barium  sulphate  was  obtained. 

Copper. — After  solution  of  the  mineral  in  hydrochloric  add 
and  evaporation  to  dryness,  to  separate  silica  in  the  usual  way,  a 
current  of  sulphuretted  hydrogen,  passed  for  some  time  through  the 
hot  solution,  separated  a  small  quantity  of  copper  sulphide.  This 
was  filtered,  washed,  dried,  transferred  to  a  crucible,  heated  with  a 
few  drops  of  strong  nitric  acid,  and  the  iron  precipitated  by  ammo- 
nium chloride  and  ammonia,  dried,  and  weighed. 

Calcium  and  Magnesium. — These  were  precipitated  in  the  usual 
manner. 

Organic  Matter. — The  black  residue,  insoluble  in  hydrochlorio 
acid,  was  collected  on  a  weighed  filter,  washed  well  with  hot  water, 
and  dried  at  a  temperature  of  100^  G.  A  weighed  portion  of  this 
was  placed  in  a  platinum  boat,  and  burnt  in  a  current  of  oxygen ; 
a  very  slight  residue,  apparently  ferric  oxide,  remained.  The  carbon 
•dioxide  and  water  were  collected  in  the  usual  manner  and  weighed. 
The  organic  matter  was  almost  entirely  carbon :  no  hydrogen  could 
be  calculated  from  the  amount  of  water  collected,  hence  the  car- 
bonaceous matter  was  apparently  of  the  nature  of  anthracite. 
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To  asoertain  whether  bitominouB  subfltanoeB  were  present,  the 
crushed  mineral  was  treated  with  pnre  alcohol,  which  was  first 
proved  to  leave  no  residue  on  evaporation.  The  liquid  was  filtered, 
the  filtrate  evaporated  to  dryness,  and  a  light-brown  reeidue 
obtained.  A  portion  of  this  was  moistened  with  a  drop  of  hjdro- 
ohlorio  acid,  and  an  addition  of  ammonium  chloride,  ammonia,, 
and  ammonium  oxalate  yielded  a  precipitate  of  calcium  oxalate. 
Another  portion,  treated  with  nitric  acid  and  subsequently  with 
barium  chloride  gave  a  precipitate  of  barium  sulphate.  A  similar 
result  was  obtained  by  treatment  with  pure  ether.  In  neither 
instance  was  any  organic  matter  dissolved.  These  extracts  by 
alcohol  and  ether  prove  the  existence  of  calcium  sulphydrate  in  the 
mineral ;  hence  the  odour  when  the  mineral  is  broken.  The  ana- 
lytical numbers  are  the  following : — 


- 

(1.) 

(2.) 

Per  Cent. 

Per  Cent. 

CO,,      . 

.  MO-409     . 

.     40-409 

CaO,      . 

.     66-860     . 

64-920 

FeO,      . 

0-342     . 

0-290 

CuO,     . 

0-064     . 

0-064 

MgO,     . 

0-243     . 

0-249 

SiO„      . 

1-436     . 

1-308 

Vater,  . 

0-696     . 

Carbon, . 

1-482     . 

2*091 

Sulphur, 

0013     . 

) 

99-936 

99-831 

^  Mean  of  three  determinationa. 
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XLVn.— MAEBLES  AND  LIMESTONES.    By  G.  H.  KINAHAN,. 

M.B.LA. 

[Read*  February  16,  1887.] 

[ThiB  Supplement  to  the  Paper  on  Marbles  and  Limestones  (yide  ante,  p.  372)  is 
a  list  of  some  limestone  quanies  used  of  late  years  in  public  and  private  works,  pro- 
eoxed  through  B.  U.  Roberts,  Esq.,  Commissioner  of  the  Board  of  Public  Works.  Each 
detailed  description,  where  possible,  has  the  name  of  the  Officer  (in  brackets)  after  it. 
This  list  being  supplementary  to  the  proTioua  Paper,  for  the  most  part  only  refers  to 
quazriee  not  therein  mentioned,  except  in  those  cases  where,  in  connexion  with  recent 
buildings,  the  stones  have  been  procured  from  some  of  the  well-established  quarries.] 


ANTBUC. 

Crbtacsous. 

Drumnasol — Drumnasol  Lodge.  Tbe  rook  locally  called  White 
Limestone  (indurated  chalk).  This  rock  occutb  all  round  the  coast 
of  Antrim :  it  is  used  mainly  for  lime ;  but  sometimes  it  is  used 
for  dressing.  It  is  too  full  of  joints  to  look  well,  or  to  stand  frost 
{W.  Gray). 

ABMAOH. 

Carboniferous. 

Olassbmgh. — Used  in  the  spire  of  Corporation-street  and  Carlisle 
Ghurohes,  Belfast;  also  in  Bobinson  Yilla,  Cultra,  Co.  Down.. 
•*  Of  a  good  high  colour ;  works  freely ;   durable  '^  (JF.  Gray). 

OAVAN. 

Carboniferous. 

Boeke. — One  mile  from  Cavan. — Surface  rock;  no  regular 
qoany.  Used  in  the  Masonic  Hall,  Cavan  (built  1885),  for  wall- 
ing. The  stone  seems  to  be  durable,  and  works  freely.  The 
dressings  are  of  sandstone  from  Ldsnaskea,  Co.  Fermanagh. 
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ArdhilL — Six  miles  south-east  of  Cavan. — School;  built ! 
The  looal  stone  only  used  for  walling  and  rubble ;  those  for  the 
dressings  being  prooured  from  Crossdrum,  Co.  Meath. 

Mount  Nugent. — ^Drumrora  School ;  built  1886.  The  stone  is 
only  suitable  for  walling,  and  is  said  to  be  durable.  The  dress- 
ings from  Boss,  Co.  Meath. 

OLABB. 

Carboniferous. 

Bushy  Park. — ^Ennis  Courthouse,  in  entire  building ;  in  Prison, 
for  dressed  work.    light  colour ;  worked  easily. 

Rosslevin. — Ennis  Prison,  used  with  the  Bushy  Park  stone. 
Dark  colour. 

Kilfenora. — Ennistyinon  ChuroL  Dark  colour;  worked  hard 
{W.D.  Williams). 

OOBK. 

Carboniferous. 

Carriglass  and  Conna. — ^Carriglass  School  and  Conna  Glebe- 
house.     Used  for  the  rubble- work   and   quoins;   but  it  is  of 
too  small  dimensions  for  the  sills  of  windows  and  doors  {A.  T. 
Williams). 

Ballydaniel  or  Pothouse. — Ballydaniel  Schoolhouse  and  Besi- 
dence  solely  built  of  these  stones.  The  stone  has  also  been  largely 
used  for  heavy  railway  works,  but  is  not  suitable  for  sills,  or  in 
general  for  ordinary  building  purposes  {A.  T.  Williams). 

Cloyne. — School.  The  local  stone  runs  in  small  sizes ;  and  for 
large  scantlings  the  Carriokacrump  stone  is  used. 

Carrickacrump. — For  the  description  of  this  well-known  stone, 
see  page  416.  Mr.  Williams  points  out  that  it  has  been  exten- 
siyely  used  in  the  Cork  harbour  and  Haulbowline  works. 

Ballintemple.  —  School.  This  stone  is  another  that  is  well- 
known,  having  been  made  historical  by  Macaulay  (page  416) « 

Ballintubher  (Eanturk). — ^Used  in  the  dressings  for  the  Church, 
KiUamey,  Co,  Kerry.    light-coloured ;  a  very  superior  stone. 

Mitchelstown. — Between  the  town  and  the  workhouse.  A 
marble ;  grey;  a  good  working  stone  {J.  Netostead). 
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Bareenmanagk  and  RauUnnoKne  Island^  near  Cork. — Eeddiflh ; 
daty  character ;  formerly  used  to  some  extent  for  chimnej-pieceB. 
About  one  mile  south-west  of  Cork  there  is  a  vein  about  three  or 
four  inches  thick  in  the  ordinary  limestone. 

Ballychughy  near  Mallow. — Eeddish;  hard;  slaty  character; 
suitable  for  flagging ;  formerly  used  a  little  for  chimney-pieces. 

DONEOAIi. 

Metamorphic  Cambrian?  or  ArenigP 

Dunlevey. — ^A  marble,  used  in  Dunleyey  Church  for  dressing, 
walling,  and  rubble.  In  Glenalla  Church,  near  BathmuUen,  for 
dressed  work  in  the  windows,  doors,  and  buttresses.  Capable  of 
good  and  fine  work ;  a  superior  stone,  but  cannot  be  raised  in  large 
sizes. 

Ballymon. — Sheephaven  Coastguard  Station.  An  inferior 
marble,  used  in  the  quoins,  piers,  and  sills;  very  hard  to  work; 
very  durable  [J.  Cockbum.) 

Olenree  ("Cooskeagh  Quarry").  South-west  of  Carrigart. — 
Whitish,  grey-clouded,  and  greyish.  A  marble.  Free  and 
kind ;  durable ;  a  good  stone  for  inside  and  outside  work.  Used 
for  the  dressing  of  the  Millf ord  Union  Workhouse  ;  dressing  but- 
tresses and  pulpit  Glenalla  Church ;  chimney-pieces  Glenalla 
House;  inside  work  Carrigart  Eoman  Catholic  Church.  The 
fonts  at  Bamelton  and  Glenalla  Churches  were  cut  out  of  one 
block  (J.  WFadden). 

Barnes  Lower  (O'Donell's  Quarry).  North-west  of  Kilma- 
crenan. — Greyish-blue;  durable;  a  good  stone  for  hanunered, 
dressed,  and  rubble  work.  Quany  opened  in  1846,  when  building 
Kilmacrenan  New  Church;  since  has  only  been  worked  for  lime- 
burning  [J.  WFadden). 

Cam  Lower.  North-east  of  Bathmelton. — Limestone;  hy- 
draulic. 

[In  tliis  county,  more  than  any  other  in  Ireland*  are  the  metamorphous  limestones 
capable  of  being  used  for  cut-stone  purposes.    See  p.  417] 

Carboniferous. 

Ballyshannon  (various  places  in  vicinity).— Convent  of  Mercy, 
Ballyshannon.    Hand-punched  for  facing  and  quoins;  it  works 
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freely  and  welL    Also  for  internal  work,  with  Bandstone,  in  the 
Belfast  Banking  Go.  Buildings  [J.  Cockbum). 

jyuBUJSi. 

Carboniferous. 

Milverton  (Skerries). — ^Balbriggan  Coastguard  Station.  Used 
•on  the  base  of  the  octagon  tower,  sills,  and  dressings ;  also  in 
Bookabill  Lighthouse.  A  hard  limestone,  rather  stifiE  to  work  [see 
description,  p.  420). 

Sowth. — Grey ;  magnesian ;  makes  good  hydraulic  Ume. 

GAIiWAY. 

Carboniferous. 

Angliham. — Queen's  College;  Model  School;  Parapet  of  the 
Tower  of  St.  Nicholas'  Church,  all  in  town  of  Galway.  Used  for 
the  sills,  quoins,  and  dressings ;  works  freely,  and  found  durable. 

[In  tluB  neighbourhood  (Angliham),  as  previously  mentioned  (p.  425),  there  an 
acres  of  most  superior  stone.  As  these  lie  in  nearly  horixontal  beds,  they  ought  to  be 
inyaluable,  if  worked  on  the  American  principle  of  cutting  them  by  machinery  in  titm 
in  the  quarries.  An  enterprising  Company  might  ''run  a  big  thing  in  stones  "  from 
the  Port  of  Galway  for  the  English  market,  more  especially  as  the  freights  from  all 
the  vest  coast  of  Ireland  are  low,  moet  vessels  having  to  leave  it  in  ballast] 

XEBBY. 

Cabbonifbrous. 

Livnaw. — Dominican  Churoh,  Tralee.  A  marble,  close-gfrained, 
uniform  texture,  and  capable  of  a  high  polish.  Used  for  the 
moulded  bases  and  the  columns  of  nave. 

Ballylaggan  (near  Tralee). — St.  John's  Church,  Tralee.  Used 
for  the  dressing  in  the  new  addition.  light-coloured,  superior 
stone ;  free,  durable ;  works  out  in  large  blodu. 

Castleisland. — Boman  Catholic  Church.  A  marble  capable  of 
a  high  polish.  Colour,  light  red.  Used  in  the  piers  of  the 
chancel. 

kilkenny. 
Carboniferous. 

Kilkenny  (vicinity  of). — Used  in  the  Kilkenny  Model  Sohool, 
Lunatic  Asylum,  Agricultural  Museum,  and  other  public  buildings. 
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for  punched,  chiselled,  or  moulded  work.  The  stone  is  of  a  good 
grey  colour ;  hard  and  durable ;  it  flies  well  before  the  punch  and 
chisels  to  a  good  surface,  but  not  so  fine  as  that  of  the  Ardbreccan 
stone,  or  of  that  of  Sheephouse,  Co.  Meath  {M.  Mellen). 

Ballykilboy  and  Strangs  Milh. — Waterford  City,  in  the  Govern- 
ment offices  and  public  buildings.  Granite  and  limestone  dressings 
in  both  buildings  worked  freely  {W.  D.  Wtliiams). 

leitbuc. 

Carboniferous. 

Carrick  Klevy  Station. — Carrick-on-Shannon  Boman  Catholic 
Church.  Durable ;  squares  well  under  the  hammer.  For  chiselled 
work  the  stones  were  brought  from  Lanesborough  and  Creeve,  Co. 
Longford. 

LOKGFOKB. 

Carboniferous. 

Creeve.  Near  Longford. — Used  for  dressings  in  the  Homan 
Catholic  Church,  Cairick-on-Shannon ;  in  the  Bishop's  Palace, 
and  in  the  Asylum,  Mullingar ;  in  the  Crummy  School,  half-way 
between  Cairick  and  Ballinamore,  Co.  Leitrim ;  and  in  Cloon- 
morris  School,  between  Dromod  and  Newtown  Forbes. 

Lanesborough, — For  dressings  used  in  the  Ballymahon  School ; 
in  the  Bioman  Catholic  Church,  Carrick-on-Shannon ;  and  in  the 
new  Convent,  Sligo. 

Ballymahon. — Very  brittle  ;  hard ;  difficult  to  work;  durable. 
Used  for  rubble  in  the  National  School. 


MAYO. 

Carboniferous. 

Moyne  (Ballina). — ^Used  for  dressing  and  walling  in  the  Boman 
Catholic  Cathedral,  Ballina,  and  in  various  buildings,  both  modem 
and  ancient,  sa  given  in  the  descriptions  of  the  Mayo  quarries. 
^' Works  freely ;  found  durable;  but  weathers  of  a  bad  colour '^ 
(B.  Cochrane). 
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MSATH. 

Oarbonifbbous. 

Ballymadrin.  Three  miles  from  Batoatti. — Is  £airly  good  and 
durable.  Used  in  the  walling  of  Batoath  Dispensary ;  built  in 
1886.     The  stones  for  the  dressing  procured  from  Grossdrum. 

EtirrupHtotcn.  Near  Grosskeys. — Hard,  and  only  fit  for  scab- 
bled  work.  Used  for  walling  in  the  neighbouring  Constabulary 
Barrack.  The  stones  for  the  dressings  were  procured  from  Gross- 
drum.. 

Rota. — This  well-known  stone  is  very  generally  used  for  out- 
stone  purposes  in  various  parts  of  Ireland  {see  description,  p.  436). 

Croesdrum. — ^Another  well-known  stone  [eee  description,  p.  436). 

axTEEirs  CO. 

Gaebonifbrous. 

Stradbally  and  ^ey/fa/fen.— Maryborough  Ghurohes,  Prison,  and 
Asylum;  Mountmellick  Ghurohes  and  Gonvent.  In  Abbeyleix 
Churches,  with  Slieve  Bloom  sandstone;  both  being  used  in  the 
dressings  (W.  D.  WilHams). 

BOBCOXHOXr. 

Gabbonifbrous. 

Carrowroe.  Two  miles  from  Roscommon. — Works  pretty 
freely ;  is  durable.  Used  for  walling  and  rubble  in  the  new  Con- 
rent,  Eoscommon.  The  stones  for  the  cut- work  were  procured 
from  Lanesborough,  Go.  Longford. 

suae. 

Gabbonifbrous. 

Bally Bodare. — A  uniform  stone  ;  works  well  into  muUiona 
and  tracery,  and  is  durable.  Used  in  St.  John's  Church,  SUgo^ 
in  the  new  east  window,  vestry-room,  and  organ-chamber  {R. 
Cochrane)^  and  in  the  Eoman  Catholic  Church  and  Presbyterj'^  for 
both  dressed  work  and  rubble. 
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Scarden.    Three  miles  from  Sligo. — Hard  and  flinty ;  durable. 
Used  for  rubble  and  the  pitched  faces  of  the  walls  in  the  Town 
Hall,  Sligo.   The  dressings  are  of  sandstone,  from  Mount  Charles, 
Co.  Donegal. 

Carr(mro€.  Two  miles  from  Sligo. — Works  pretty  freely ;  is 
durable.  Used  for  walling  and  rubble  in  the  new  Convent, 
Sligo;  the  stones  for  the  dressing  being  procured  from  Lanes- 
borough,  Co.  Longford. 

[In  the  bills  to  the  north-east  of  this  county  there  ought  to  he  excellent  limestone 
for  all  dressed  purposes ;  as,  however,  there  are  no  quarries  opened,  they  send  to  great 
distances  for  stones  for  dressing  and  other  out  works.] 


TIPPEBABY. 

Carboniferous. 

Ballinillard. — Tipperary  Town  Churches.      Appears  to  have 
worked  freely. 


TYBONE. 

Carboniferous. 

Omagh.  Vicinity. — Used  for  rubble  in  the  Military  Barracks. 
The  sandstone  used  for  quoins  and  dressing  is  of  an  inferior  qua- 
lity, being  the  stone  known  as  the  '*  Bed  Beds  "  from  the  Gortna- 
glufih  quarry,  near  Dunoannon,  which  is  easily  worked,  but  is  not 
diirable  {J.  Cockbum). 


watebfobb. 

Carboniferous. 

Whitechurch, — As  dressings  in  the  Churches,  Dungarvan,  and 
Lofimore  Castle. 

Bhorough. — lismore  Bioman  Catholic  Church,  with  sandstone 
dressings  (TT.  D.  WiUiam$). 

.  TBOC.  B.D.8. — ^TOL.  T.,  TT.  TI .  2  L 
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WE8TXBATH. 

Carbonifbrous. 

CulUon.  Two  miles  from  Mullingar. — Bather  hard  and 
splinteiy  for  chiselled  work ;  very  durable.  Used  in  the  Bishop's 
Palace,  and  in  the  Asylum,  Mullingar,  for  walling,  rubble,  and 
part  of  the  dressed  work ;  but  in  both  buildings  most  of  the  stones 
for  cut  purposes  were  procured  either  from  Creeve  {Co.  Longford\ 
or  Eoss  {Co.  Meaih). 
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XLVm.— ON    THE    LIASSIC    FOSSILS    OF    M*CLINTOCK'S 
EXPEDITION.    By  REV.  DR.  HAUGHTON,  F.  R.  S. 

[Read,  January  19,  1887.] 

The  following  oorrespondenoe  throws  further  light  on  the  fossils 
found  bj  Sir  Leopold  M*Clintock  at  Wilkie  Point,  Prince  Patrick's 
Land  [lat.  76^  20' N.;  long.  117°  20'  W.],  and  described  by  me  in 
this  Journal  (vol.  i.,  pi.  ix.) 

The  letters  sufficiently  explain  themselveSy  bearing  in  mind 
that  I  had  originally  stated  my  opinion  that  the  fossils  were  of 
Jurassic  age  (probably  Liassic.) — S.  H. 

N.B. — These  fossils  were  presented  by  Sir  Leopold  M'Clintock 
to  the  Museum  of  the  Boyal  Dublin  Society,  and  can  now  be  seen 
in  the  Science  and  Art  Museum,  Dublin. 

"Geological  and  Natubal  Histobt  Subybt, 

''  MusETJJc  Ain>  Office,  Sussex-stbsiet,  Ottawa, 

''bthNovemher^\%%%. 

^<  Deab  Sm — In  endeayouring  to  work  up  a  small  general  Geologi- 
cal Map  of  the  Northern  part  of  the  American  Continent,  which  may  be 
published  in  connection  with  our  reports,  I  have  had  frequent  occasion  to 
refer  to  your  Appendix  to  M'Clintock's  Voyage,  which  gives,  I  think, 
practically  all  the  facts  available  for  the  northern  portion  of  the  Arctic 
Archipelago. 

''  I  have  not  access  to  the  earlier  Papers  in  the  Journal  of  the  Royal 
Dublin  Society,  but  presume  the  Appendix  (edition  of  1860)  may  contain 
a  sufficient  remnU  of  the  whole. 

'^  The  point  on  which  I  take  the  liberty  of  addressmg  you,  particularly 
at  the  present  moment,  is  the  character  of  the  fossils  described  as  Liassio, 
and  figured  in  the  Journal  of  the  Royal  Dublin  Society,  vol.  i.,  pi.  ix. 

''Is  it  possible,  in  your  opinion,  that  these  fossils  may  indicate  a 
horizon  the  same  with  that  of  the  so-called  'Alpine  Trias'  of  the  western 
part  of  North  America?  From  the  occurrence  of  a  Monotis,  western 
analogies  would  rather  tend  to  this  view  of  the  case,  which,  however,  the 
fossils  themselves  may  be  sufficient  to  disprove.    If  not  troubling  you 
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too  mnch,  I  shonld  be  glad  to  hare  the  benefit  of  your  views  on  this  snV 
ject.  The  Fauna  of  the  '  Alpine  Trias ' — which  occurs  high  up  on  the 
west  coast — is  well  illustrated  in  Exploration  of  40th  Parallel,  vol.  It., 
plates  10  &  11,  and  in  Falsontology  of  California,  vol.  i.,  plates  3-6. 

"Tours  truly, 

"GEORGE  M.  DAWSON. 

"Kev.  Prof.  S.  Haughtow,  F.R.S. 


"  Prague, 
"  ZUt  December,  1886. 

"  Mt  dear  Ball — ^You  must  excuse  me  that  I  did  not  answer  your 
kind  letter  earlier,  but  it  had  somehow  miscarried,  so  that  I  received  it 
about  a  fortnight  later  than  the  book. 

"  The  fossils  about  which  you  wish  to  have  my  opinion  have  aroused 
curiosity  already  on  several  sides,  and  about  a  year  ago  Professor 
Neumayer,  of  Vienna,  sent  me  a  number  of  plaster  casts  of  the  species, 
taken  from  the  originals  at  Dublin,  to  ask  my  opinion  about  them. 

"As  far  as  I  can  judge  the  matter,  it  seems  to  me  that  there  cannot 
be  much  doubt  that  Ammonites  M^Clintoehi  is  a  Jurassic  species,  but 
rather  of  middle  Jurassic  than  of  Liassic  affinities.  This  opinion  has  also 
been  expressed  by  Keumayer  in  the  Denksch.  d.  Kais.  Acad,  der 
Wissensch.,  Yienna,  vol.  i..  Die  Geographische  Yerbreitung  der  Jun 
Formation,  p.  (HI),  1885,  where  the  species  is  redescribed  and  fig^ured. 

"  The  Avicula  that  has  also  been  found  at  the  same  localities  might  be 
Triassic,  but  just  as  well  it  might  be  Jurassic,  and  there  can  be  drawn  no 
conclusion  from  that  species.  So,  on  the  whole,  the  probability  remains 
that  in  these  high  latitudes  Jurassic  beds  are  exposed. 

"The  Triassic  species  described  by  White  from  Idaho,  in  his  Contii- 
butions  to  Paleeontology,  and  later  on  in  the  40th  Parallel  Report,  are 
quite  different  things,  and  only  the  Avicula  show  at  all  any  sinularitj. 
Such  a  similarity  is,  however,  of  no  value  whatever. 

"Yery  sinoerely  yours, 

"W.  WAAaEN. 
"Y.  Ball,  M.A.,  F.R.8." 
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XLIX.— NOTE  ON  SUBMERGED  PEAT  MOSSES  AND  TREES 
IN  CERTAIN  LAKES  IN  CONNAUGHT.  By  A.  B. 
WYNNE,  F.G.S. 

[fiead,  March  23,  1887.] 

The  object  of  this  conmmnication  is  to  place  before  the  Society  a 
few  observations  upon  what  might  be  regarded  as  evidences  of 
relative  changes  in  the  level  or  superficial  distribution  of  land  and 
water  in  the  regions  referred  to. 

There  are,  doubtless,  several  cases  besides  those  to  which  I 
shall  refer,  wherein  peat  bogs,  with  trees  of  a  former  period,  are  to 
be  found  permanently  submerged  in  various  parts  of  the  country, 
and  in  present  conditions  totally  different  from  those  \mder  which 
these  trees  and  growths  flourished.  It  will  be  sufficient,  however, 
to  take  the  instances  of  the  basin  of  Lough  Arrow,  a  few  miles 
from  Boyle,  and  of  the  River  Qarwogue,  connected  with  and 
running  from  Lough  QiU,  through  the  town  of  Sligo. 

As  far  as  regards  present  circumstances,  the  basins  of  both  of 
these  lakes  are  extensively  encumbered  with  "  drift,"  and  the  water 
is  retained,  in  both  cases,  practically  in  rock  basins :  that  is  to  say, 
river  action  has  denuded  the  drift  in  the  direction  of  outflow,  ajid 
the  surplus  water  escapes  over  beds  of  the  solid  carboniferous  lime- 
stone of  that  country,  lying  in  a  nearly  horizontal  position,  or 
undulating  at  low  angles.  In  both  cases  the  margin  of  the  water 
is  formed  here  or  there  by  rock,  drift,  or  the  ordinary  bogs  of  the 
counby,  the  latter  indicating,  perhaps,  a  formerly  wider  extension 
of  wet,  swampy  ground  around  these  lakes  or  of  their  own  proper 
areas. 

The  Eiver  Grarwogue  leaves  Lough  Gill  as  a  broad,  sluggish 
stream,  until  its  rock-bar  is  reached  at  Ardachowen.  Thereafter 
the  stream  becomes  more  rapid,  falling  some  twenty  feet  in  the 
short  distance  between  Ardachowen  and  the  tideway,  which  enters 
the  town  of  Sligo  as  far  as  the  Victoria  Bridge.  The  last  reach  of 
the  comparatively  still  water,  just  above  Ardachowen — one  of  the 
most  beautiful  parts  of  that  picturesque  locality — is  underlaid  from 
side  to  side  by  peat,  with  numerous  trunks  of  trees.     It  is  plaiu 
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that  the  water  here  eoold  never  have  escaped  at  a  lower  le^d  thaa 
that  of  its  present  retaining  rock-bar,  so  as  to  permit  of  the  sunken 
forest  trees  having  flourished  in  the  air,  without  the  supposition  o! 
earth  movements  having  taken  place  since  the  peat  and  trees  ooco- 
pied  the  subaerial  surface,  movements  which  had  considerably 
altered  the  position  of  the  ground  to  be  drained  with  regard  to 
previously  existing  levels. 

Further  seaward,  along  Sligo  Bay,  there  are  indications,  in 
raised  beaches,  that  an  upward  movement  of  the  land  took  place; 
and  I  found,  many  years  ago,  shells  of  the  common  sea  mussel  in 
a  sand-pit,  not  far  from  the  old  coach-road  between  Sligo  and 
Ballysodare,  upon  part  of  the  high  drift-covered  ground  lying 
between  Lough  Gill  and  Ballysodare  Bay.  In  these  cases  the 
indication  is  of  an  elevation  in  recent  times,  which  might  here  or 
there  pond  back  the  terrestrial  water,  but  which  must  have  had 
regions  of  singidarly  local  intensity,  if  it  can  be  at  all  supposed  to 
have  caused  limited  land  spaces  to  become  permanently  submerged, 
as  in  the  case  near  Ardachowen,  on  the  Sligo  river. 

Turning  now  to  Lough  Arrow,  near  Boyle,  we  find  this  to  be 
a  large  lake,  with  irregular  outline,  four  and  a-half  miles  in  length, 
by  a  mile  to  two  and  a-halE  miles  in  breadth,  bordered  by  hog- 
backed  hills  of  drift  near  its  margin,  similar  hills  forming  islands 
within  it,  while  it  is  surrounded  by  nearer,  or  more  remote,  moun- 
tainous elevations,  such  as  the  Geevah  HiUs,  formed  of  coal-measures, 
on  one  side,  or  the  carboniferous  limestone  elevations  of  Knockna- 
homa  and  Kesh,  on  the  other,  or  the  termination  of  the  pre-carbon- 
iferous  Curlew  Mountains  towards  the  upper,  or  Boyle  end  of  the  lake. 
The  lake  itself  is  peculiar  in  having  no  rivers  to  supply  it  beyond 
the  little  brook  from  the  Curlews,  which  empties  itself  into  it  at 
BaUinafad.  The  lake  water  is  clear,  and  is  probably  largely  sup- 
plied by  springs,  seeing  that  a  considerable  stream  issues  from  the 
lake,  passing  over  a  rock  barrier  near  where  it  starts,  at  Annagh 
or  Ballyrush,  and  eventually  reaching  the  sea  at  Ballysodare. 
Another  peculiarity  is  that  this  large  lake  is  at  one  point  sepa- 
rated by  a  distance  of  only  a  few  hundred  yards  from  Lougli  Key, 
one  of  the  lakes  of  the  basin  of  the  Shannon,  with  which  that  of 
Lough  Arrow  has  no  connexion. 

The  shores  of  Lough  Arrow,  where  not  formed  of  drift,  are  in 
various  places  composed  of  peat,  locally  known  as  ^'  The  Black 
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Banks,"  partioularlj  around  the  deeply-indented  bay  called  Lough 
Brick,  and  at  the  lower  end  of  the  lake  about  Ballyrush,  Annagh, 
and  Oastlebaldwin.  Where  this  is  the  case  the  bottom  of  the  lake 
is  often  also  formed  of  peat  with  trees,  while  in  other  places  huge 
masses  of  the  local  rocks  washed  out  of  the  drift,  like  that  called 
the  "Bock  of  Muck,"  on  the  Annaghcloy  shore,  may  be  seen, 
scattered  over  the  bottom,  through  the  clear  water,  when  this  is 
calm.  Under  similar  circumstances,  off  the  point  of  Aughanah, 
on  the  property  of  Colonel  Ff oUiott,  where  the  ahnost  horizontal 
limestone  comes  to  the  surface  of  the  lake,  at  the  shoal  called  the 
**  Quarries,"  or  the  "  Flag  of  Aughanah,"  one  can  see,  down  be- 
neath the  lowest  level  to  which  the  water  ever  falls,  the  stools 
and  stumps  of  large  trees,  so  thickly  accumulated  in  places,  that 
when  in  the  little  strait  between  "  The  Slab  "  and  the  point,  boat- 
men exert  more  than  usual  caution  to  avoid  "snags."  Most  of  the 
trees  appear  to  be  in  their  position  of  growth,  with,  in  some  cases, 
but  little,  if  anything,  intervening  between  them  and  the  limestone 
slab  on  which  they  rest. 

Here  again  the  case  recurs  that  the  lake  could  scarcely  have 
stood  at  a  lower  level  while  its  escape  lay  in  the  present  direction, 
on  account  of  its  retaining  rock  barrier ;  and  the  conditions  which 
would  have  placed  these  trees  in  their  natural  subaerial  position, 
would  require  either  the  occurrence  of  earth  movements  of  subse- 
quent date,  or  such  a  balance  between  the  supply  of  lake  water 
and  its  exhaustion  by  means  of  evaporation,  that  the  water  should 
be  maintained  at  a  lower  level  than  at  present,  when  of  course  the 
lake  could  have  had  no  river  outlet  at  all. 

I  have  been  acquainted  with  both  of  these  lakes  since  child- 
hood, and  I  have  repeatedly  visited  Lough  Arrow  at  the  season  of 
the  Ephemeral  June  Gamival  of  Salmo  ferox.  Lough  Brick,  of 
which  I  have  spoken,  was,  within  my  memory,  almost  a  small 
separate  lake,  partly  surrounded,  and  nearly  divided  from  Lough 
Arrow,  by  bog  banks.  Through  a  gap  in  these  banks  a  boat  could 
just  pass;  but  the  banks  have  since  been  almost  entirely  washed 
away — one  islet  remaining  near  where  the  gap  was,  on  both  sides 
of  which  boats  can  pass  freely  now. 

On  Captain  Gtethin's  property  at  Ballindoon,  towards  the  other 
end  of  the  lake,  there  is  a  small  recess  in  the  boggy  bank  of  the 
lake^  called  ^'  Foolnaperohes."    Here  a  projecting  promontory  of 
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peat  bore  some  trees  of  consideiaUe  Bise.  The  promontoiy  became 
an  islet,  and  this  has  been  washed  away  by  the  waves  of  the  lake, 
on  iriiioh  I  have  seen  a  heavy  sea  often  rise  as  rapidly  as  has  been 
noticed  in  many  other  lakes  all  over  the  world  (from  Lough  Gill 
to  the  Lake  of  Kashmir,  or  in  the  opposite  direction). 

Now,  taking  this  wasting  by  wave  action  of  the  boggy  nuu^n 
of  the  lake  into  consideration,  in  <1iHfinBinng  the  problem  of  the 
sunken  trees  with  Captain  Grethin's  steward  (Sergeant  Boss) ,  whilst 
fishing  off  '^  Poolnaperches,''  one  day  last  summer,  he  seemed  to 
me  to  hit  upon  an  explanation  which  would  account  most  satifi&o- 
torily  fOT  the  submerged  forest  trees  of  Aughenagh  Point,  and 
may  be  capable  of  a  wider  application  in  many  similar  cases  ot 
sudi  submergence.    We  both  observed  that  the  stools  of  the  old, 
as  well  as  those  of  the  modem,  trees  in  these  bogs,  spreading  th^ 
roots  horizontally,  retained  their  position  thus  until  the  boggy 
ground  they  grew  in  had  been  almost  entirely  removed.    Depiived 
of  the  leverage  which  their  stems — previously  broken  off — ^would 
have  given,  they  had  less  to  disarrange  their  natural  pose ;  and 
thus,  when  some  storm  of  greater  force  than  usual  acted,  the 
retaining  roots  snapped  or  drew,  and  each  water-logged  mass  sub- 
sided to  the  bottom,  settling  upon  its  broadest  sur&ce,  stiU  in  its 
natural  position  of  growth;   so  that  afterwards,  looking  down 
through  the  water,  the  trees  would  appear  to  have  grown  wheie 
seen,  though  entirely  beneath  the  water  of  the  lake,  and  assooiated 
in  cases  with  a  recomposed  peaty  deposit. 

As  to  the  extent  to  which  this  action  may  have  affected  the 
shores  of  Lough  Arrow,  Sergeant  Boss  further  stated  that,  under 
a  particular  effect  of  light,  upon  a  stormy  day,  he  had  seen  from 
BaUindoon  House,  which  stands  high  upon  one  of  the  drift  hills, 
a  long,  dark  channel,  reaching  sinuously  from  the  river  at  Bally- 
rush  through  the  middle  of  the  lake,  between  BaUindoon  and 
Bell's  Island  opposite.  The  lake,  at  its  lower  end,  from  one  side 
to  the  other  across  this  channel,  appears  to  have  both  boggy  banks 
and  a  boggy  bottom.  Hence  it  is  not  improbable  the  channel  he 
saw  may  have  marked  a  former  bed  of  the  liver,  before  the  bog  on 
each  side  had  been  eroded  away;  and  the  definition  of  this  channel 
may  have  been  aided  by  the  storm  having  disturbed  the  marly 
substratum  that  not  imfrequently  underlies  our  Irish  bogs. 

I  am  not  quite  prepared  to  say  how  far  these  observations  may 
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account  for  the  supposed  submergence  of  peat  mosses,  with  forest 
trees,  in  all  cases  in  inland  lakes  of  the  West  of  Ireland ;  but  the 
explanation  seems  to  be  capable  of  affording  a  satisfactory  solution 
of  the  question  regarding  Lough  Arrow  and  the  Sligo  riyer, 
without  making  any  unnecessary  overdrafts  upon  possibilities  as 
to  local  or  considerable  earth  movements  at  very  recent  periods, 
and  even  though  it  may  deprive  the  subject  of  a  certain  halo  of 
mystery — if  I  may  be  allowed  to  adapt  to  this  subject  the  well- 
known  lines  of  our  national  Bard — ^it  would  supply  some  answer 
to  an  inquiry  frequently  made : 

**  When  on  these  vaten  the  fisherman  strays, 
Or  becalmed  in  his  boat  reclining, 
He  sees  the  old  forests  of  other  days 
In  the  wave  beneath  him  shining." 
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L.— LISBELLAW  CONGLOMERATE,  CO.  PEBMANAGH,  AND 
CHESIL  BANK,  DORSETSHIRE.  By  G.  H.  KINAHAN, 
M.  R.I.  A.,  Etc.    (Plate  XH.) 

[Bead,  March  23,  1887.] 

It  would  appear  that  the  process  of  formation,  and  the  agents  at 
work  during  the  accumulation  of  the  '^  Lishellaw  Conglomerate," 
haye  been  a  puzzle  to  those  who  have  examined  it,  or  rather  to 
those  who  have  published  the  results  of  their  examination. 

It  ought  not,  however,  to  be  so  hard  to  understand,  as  similar 
accumulations  are  due,  not  only  to  the  artificial  groynes  erected  on 
beach-lines,  but  also  to  natural  groynes,  as  they  occur  on  the  south- 
east coast  of  Ireland.  As  the  accumulations  due  to  groynes,  arti- 
ficial or  natural,  seem  not  to  have  been  studied  by  those  observers, 
it  may  possibly  be  allowable  to  give  an  epitome  of  the  effeots  due 
to  them,  and  their  general  characters. 

In  general,  artificial  groynes  are  placed  as  near  together  as  to 
form  a  continuous  permanent  shingle  beach ;  and  if  they  are  ju- 
diciously erected,  that  is,  raised  plank  by  plank  as  they  fill,  much 
in  connexion  with  the  present  inquiry  cannot  be  learned  from 
them. 

But  in  many  places  on  coast-lines  more  or  less  isolated  groynes 
have  been  put  down  to  project  individual  portions  of  a  coast-line, 
as  is  the  case  in  places  along  the  coast  of  Waterford.  From  such 
individual  groynes  we  learn,  if  we  follow  the  "  flow-tide  "  stream 
towards  the  groyne,  that  the  accumulations  gradually  become  wider, 
and,  in  general,  the  materials  coarser,  till  at  the  groyne  there  is  a 
massive  shingle  accumulation.  This  seems  to  be  invariably  the 
case  on  the  coast  of  Waterford,  and  also  in  various  places  on  the 
English  coast ;  but  in  other  places,  as  presently  mentioned,  where 
the  tidal-drift  is  solely  a  fine  sand,  the  accumulation,  although  it 
will  increase  in  bulk,  yet  the  sizes  of  the  materials  will  not  do  so. 
On  the  down-stream  side  of  a  groyne,  like  those  on  the  beaches  of 
Waterford,  the  accumulations  will  be  small  in  dimension,  and  the 
material  composing  them  much  finer  than  those  on  the  up*stream 
side. 
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On  fhe  coast  of  south-east  Ireland  (Go.  Wexford) » as  the  normal 
drift  of  the  coiintj  for  a  large  part  is  fine  sand,  the  drift  due  to 
the  '^  flow-tide  "  current  is  in  general  of  a  similar  character ;  and 
the  big  accumulations  on  the  up-stream  side  of  the  groyne  are  in 
general  sand.  This,  however,  is  not  the  case  in  the  beach  to  the 
north  of  the  Blackwater.  Here,  to  the  north-east,  Cahore  Point 
acts  as  a  groyne,  and  south-west  of  it,  at  the  head  of  the  current 
from  the  Blackwater,  there  is  a  shingle  beach.  This  is  some- 
what like  the  ''  lisbellaw  Conglomerate,"  gradually  down-stream 
becoming  coarser  and  larger,  but  dying  out  before  the  extremity 
or  point  of  groyne  is  reached.  The  reason  for  the  ending  of  a 
shingle  beach  before  it  quite  reaches  the  natural  groynes  is  due 
to  the  "on-shore,  or  half  counter-tide  currents."  As  this  has 
been  previously  explained  in  different  Papers  already  published, 
it  is  unnecessary  to  again  repeat  it. 

There  is,  however,  a  much  more  parallel  accumulation  in  that 
of  the  Chesil  Bank,  Dorsetshire ;  although  what  is  now  taking 
place  at  the  latter  is  on  a  much  larger  scale  than  the  work  done 
in  Silurian  times  at  Lisbellaw. 

The  Chesil  Bank  travels  eastward  along  the  shore  of  Lyme 
Bay,  with  the  "  flow-tide  "  current  accelerated  by  the  prevailing 
winds  from  the  westward,  to  be  stopped  by  the  natural  groyne — 
Portland  Bill.  If  this  beach  is  followed  from  the  west  eastward, 
the  accumulation  gradually  increases  in  size,  and  also  in  the  di- 
mensions of  the  materials,  till  eventually  it  forms  a  mass  of  more 
or  less  coarse  material  to  the  westward  of  the  Bill.  But,  on  the 
other  hand,  in  Weymouth  Bay,  eastward  of  The  Bill,  the  accumu- 
lation is  at  a  minimum,  and  of  fine  materials. 

As  may  be  seen  in  the  accompanying  diagrammatic  plan  (Plate 
XII.),  the  relation  between  the  adjuncts  of  the  Chesil  Bank  and,  on 
a  smaller  scale,  those  in  connexion  with  the  "  Lisbellaw  Conglo- 
merate," is  very  similar,  except  that  while  the  "  flow-tide "  cur- 
rent in  the  first  set  from  the  west  eastward,  that  in  the  Silurian 
sea  must  have  ran  south-westward. 

To  the  north-eastward  of  Lisbellaw,  in  Silurian  times,  there 
was  a  shore-line  trending  north-eastward,  and  immediately  west 
of  the  village  a  spit  of  Ordovician  land,  somewhat  like  the  Port- 
land Bill,  while  westward  of  this  spit  was  a  bay  that  may  be 
oompared  with  Weymouth  Bay. 
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The  Silnrian  beach  that  accumulated  along  the  north-east  and 
south-west  shore-line  has  similar  characters  to  that  on  the  noith 
shore  of  Lyme  Bay ;  that  immediately  west  of  the  north  end  of 
Lough  Eyes,  being  of  small  dimensions  and  finer  materials,  while, 
as  it  is  followed  south-west,  to  Lisbellaw,  it  increases  in  bulk  and 
the  size  of  the  materials.    This  beach,  as  it  is  now  much  over- 
lapped by  the  newer  carboniferous  rock,  cannot  be  entirely  seen; 
but  it  seems  to  end  suddenly  before  the  point  of  the  Ordovician 
land  is  reached,  while  westward  of  that  spit  of  land  the  Silurian 
rocks  are  of  quite  a  different  character,  being  sandstones  and  shales. 
Thus  there  is  more  or  less  a  yery  complete  similitude  between  the 
two.    As  in  each  case  there  is  a  breach  gradually  getting  larger 
and  coarser,  till  it  nearly  reaches  the  point  of  the  groyne,  where 
it  ends ;  while  at  the  other  side  of  the  groyne  the  acoumulations 
are  at  a  minimum,  and  of  a  much  finer  character. 
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GRITS,    CONGLOMERATES,   QUARTZ-ROCKS,    AND 

.QUARTZYTES.     By  G.  H.  KINAHAN,  M.R.LA.,  Etc. 
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INTBODUOTION. 

A  8TUPT  of  the  history  of  the  Irish  sandstone  rooks  is  interesting^ 
they  seemingly  having  been  the  f ayourites  with  the  early  builders. 
The  primitive  inhabitants  of  the  country  appear  nearly  invariably 
to  have  utilized  the  hardest  stone  nearest  at  hand,  so  that  in  many 
places  they  used  the  granite  erratics ;  but  in  such  places  where 
there  were  both  granite  and  sandstone  erratics,  they  seem  to  have 
chosen  the  latter ;  while,  if  the  rock  had  to  be  quarried,  it  was 
nearly  always  the  sandstone  that  was  selected. 

After  stone  with  mortar  was  introduced,  at  first  sandstone 
still  seems  to  have  had  the  preference  in  the  districts  in  which  it 
occurred,  except  in  a  few  places  where  there  were  good  slate-rocks  ; 
as  these,  in  certain  localities,  were  extensively  used,  and  are  still 
used,  for  architectural  purposes.  This,  however,  will  be  more  par- 
ticularly mentioned  in  a  subsequent  paper  on  Slates  and  Clays.  It 
may,  however,  be  here  mentioned  that  some  of  these  slate-rocks, 
although  producing  good  aiid  durable  work,  were  not  at  the  same 
time  capable  of  giving  the  fine  and  embellished  cut -work  to  be 
found  in  the  granite,  limestone,  and  sandstone  structures. 

Later  on,  as  has  been  pointed  out  by  Kane,  Wilkinson,  and 
others,  the  sandstone  was  superseded  by  limestone,  the  latter  rock 
having  been  often  carried  for  great  distances  into  the  sandstone 
areas.  This  probably  was  due  in  a  great  measure  to  the  workmen^ 
who  had  a  preference  for  the  stone  to  which  they  were  accustomed. 
Yarious  examples  in  modem  time  in  support  of  such  a  supposition 
are  on  record.  When  the  Scotch  workmen  were  building  Muckross 
Abbey,  Bjllamey,  about  forty  years  ago,  they  ignored  the  ex- 
cellent limestone  of  the  neighbourhood,  and  imported  sandstone 
from  Chester,  that  being  the  nearest  place  where  they  could  get 
sandstone  similar  to  that  with  which  they  were  accustomed ;  and 
in  different  places,  the  engineers  of  the  Ballast  Board,  when 
building  lighthouses,  have  brought  Dublin  granite  to  the  dif- 
fferent  localities.  This  may  be  seen,  besides,  in  various  other 
places,  at  the  West  Sound  into  Bearhaven,  Co.  Cork — a  locality 
famous  for  its  good  sandstone.  Kylemore  Castle,  Co.  Ghdway, 
was  contracted  to  be  faced  with  granite,  and  although  the  locality 
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is  on  the  edge  of  the  great  granite  tract  of  Gulway,  yet  the  con- 
tractor elected  to  bring  the  stone  from  Bullock,  Co.  Dublin — a  stone 
he  was  accustomed  to.  We  find  also  the  same  thing  in  earlier 
times.  The  Normans,  for  dressing  and  other  cut-stone  purposes  in 
their  castles  and  cathedrals,  brought  from  their  native  country,  Caen- 
stone  into  England,  while  their  descendants,  the  Anglo-Normans, 
did  the  same  in  regard  to  Ireland. 

[It  BeenLB  to  be  the  general  opinion  that  there  is  no  home  stone  at  present  in  the 
market  equal  to  the  Caeostone  for  fine  inside  work ;  but  during  the  late  restaration  of 
Christ  Church  Cathedral,  Dublin,  some  of  the  old  cut-stones  (▲.!>.,  1008)  were  found, 
which  the  architect  seems  to  have  insisted  were  ^*  Caenstone."  But  the  builder  (Mr. 
Shaipe)  was  not  of  this  opinion,  and,  after  considerable  research,  he  was  able  to  prove 
that  the  stone  was  procured  in  a  once  famous  quarry  at  Eyebridge  (?),  about  twelve  miles 
from  Glastonbury,  Somersetshire.  He  visited  the  place,  and  the  stones  seem  to  have 
been  brought  from  the  quarries  by  a  canal,  the  remains  of  which  can  be  traced.  From 
Mr.  Sharpens  practical  knowledge  he  is  convinced  that  this  stone  was  used  in  Mellifont 
Abbey,  Co.  Louth ;  St.  Mary's  Abbey,  Dublin ;  and  St.  Kevin  of  Glendalongh,  Co. 
Wicklow— stones  which  in  general  are  supposed  to  be  Caen-stone.  Mr.  YToodwaid, 
the  author  of  the  Geology  of  England,  in  reply  to  inquiries,  states: — ''  The  stone 
you  inquire  about  must  be  the  Doultery  stone,  east  of  Shepton-Mallet ;  used  Itfgely 
in  the  construction  of  Wells'  Cathedral  and  Glastonbury  Abbey.] 

But  the  pre-Anglo-Norman  builders  in  Ireland,  as  already 
mentioned,  as  also  many  of  the  early  Anglo-Normans,  used  tiie 
native  sandstone.  It  is  conspicuous  in  different  places,  as  here- 
after mentioned,  that  although  the  local  sandstone  used  in  building 
of  the  earlier  structures  was  good,  yet  all  the  later  structures  are 
built  of  limestone  brought  from  a  greater  or  less  distance. 

Other  reasons  for  the  introduction  of  limestone  may  have  been 
that  the  builders  early  understood  the  crushing  stones  were  capable 
of  bearing,^  and  were  aware  that  if  a  column  in  a  building  was  to 
be  massive,  they  might  use  sandstone ;  while  if  the  column  had 
to  be  slender,  and  at  the  same  time  support  an  equal  weight, 
limestone  was  preferable.  This  is  illustrated,  as  pointed  out  by 
Wyley,  in  the  small  limestone  columns  of  Jerpoint  Abbey,  Co. 
Kilkenny. 

They  also  must  early  have  learned  that  limestone  could  be 
more  finely,  more  easily,  and  more  cheaply  worked  than  the 

^  Tet  Wilkinson  specially  points  out  that  some  builders  had  no  such  knowledge, 
and  illustrates  instances  in  which  buildings  had  failed  through  the  want  of  knowledge 
as  to  the  crushiog  the  stone  would  bear. 
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ordinary  sandstone  of  the  country,  many  of  the  latter  requiring 
the  tools  to  be  frequently  sharpened. 

Although  the  strength  of  the  limestone,  and  the  facility  by 
which  it  could  be  worked,  may  have  led  to  a  preference  for  it,  it 
should  also  be  remembered,  that  as  the  country  became  occupied  by 
foreigners,  the  chief  centre  of  the  population — that  is  the  towns — 
were  principally  in  the  plains,  or  the  valleys,  on  the  limestone  areas, 
and  the  artificers,  becoming  cunning  in  the  working  of  limestone, 
preferred  to  use  it,  even  when  they  had  to  transport  it  a  considerable 
distance.  In  many  places,  however,  they  had  water-carriage  ;  that 
made  the  transport  comparatively  easy  and  cheap. 

Or  the  use  of  limestone  may  have  been  due  to  fashion.  At  the 
present  day  many  rich  men  will  only  use  a  stone  his  poorer 
neighbour  cannot  procure.  This  seems  to  have  been  a  mania  in 
remote  ages  as  well  as  recently,  and  not  without  a  certain  value,  as 
in  many  places  the  old  buildings  are  pointed  out  as  ''  not  having 
in  them  a  stone  to  be  got  in  the  whole  country,"  while  in  modem 
times  Rothschild's  French  Chateau  has  brought  him  historical  fame 
on  account  of  the  English  stone  and  workmen  used  in  its  building. 
Elsewhere  on  the  Continent,  in  America,  besides  in  the  home 
countries,  buildings  are  pointed  out,  not  for  any  architectural 
beauty,  but  solely  to  record  that  the  stones  in  them  were  brought 
from  a  great  distance,  and  at  great  expense. 

The  mania  for  foreign  stones  appears  to  have  been  very  pre- 
valent in  Ireland  at  the  beginning  of  the  present  century,  as  in  the 
majority  of  the  buildings  erected  between  1800  and  1840  the  stones 
for  the  dressed  work  were  imported.  This  is  very  conspicuous 
in  Dublin,  as  hereafter  exemplified  in  the  list  of  places  from 
which  the  sandstone  used  in  its  principal  buildings  was  pro- 
cured. 

As  previously  pointed  out,  the  early  builders,  in  most  cases, 
seem  to  have  selected  stones  on  account  of  their  durability ;  but  at 
the  present  time  there  seems  to  be,  in  many  cases,  a  running  after 
stones — not  on  account  of  their  durable  qualities,  but  that  they  can 
be  easily  worked,  and  are  therefore  cheaper. 

[The  Ballycastle  stone,  Co.  Antrim,  if  it  had  been  well  selected,  ererywhere  gaye 
good  and  durable  work ;  yet,  at  the  present  time,  in  the  neighbooiing  towns  it  is  in  dis- 
repute^ while  inferior  sandstones  are  used  solely  because  the  first-cost  is  less.  This 
apparently  is  false  economy ;  for  although  the  fixst-coet  may  be  less,  yet  the  after 
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redressing,  or  paintmg,  or  otherwise  doctoring  of  the  stones  induoe  expenses  iriueh  in  a 
short  time  eat  up  any  little  saving  there  may  hare  heen  at  the  first  in  using  inferior 
material.  This  can  also  he  seen  in  different  places  in  Dublin,  which  need  not  now  be 
mentioned,  as  this  subject  will  be  alluded  to  fiiithw  on. 

In  general,  sandstone  now  in  use,  except  the  Gaenstone,  does 
not  appear  to  be  capable  of  receiving  as  minute  work  as  limestone. 
However,  if  we  examine  the  old  structures,  we  find  in  some  of 
them  beautiful  and  elaborate  work,  but  in  such  oases  the  stones 
are  much  harder  than  those  now  in  request.  The  exquisite  door- 
way of  Maghera  Church,  C!o.  Deny,  cut  in  the  local  stone,  is  so 
durable,  that  the  brushing  of  the  tools  can  still  be  seen;  but 
this  stone  would  not  now  be  looked  at,  being  considered  ^'too 
hard.*' 

According  to  the  records,  as  left  by  our  ancient  buildings,  it 
would  appear  that  the  soft  and  more  easily  worked  limestone, 
sandstone,  and  granite,  are  best  for  inside  work ;  but  if  the  work 
is  to  be  exposed  to  weathering,  the  durability  depended  on  the 
quartzose  nature  of  the  stones,  they  ranging  in  the  following 
order— H^uartzose  sandstone,  quartzose  limestone,  and  quarteose 
granite.  The  sandstones,  apparently,  taking  in  our  climate  the 
first  place. 

There  are,  indeed,  in  a  few  places  very  quartzose  granites  and 
limestones  of  a  high  order,  but  they  are  exceptions  to  the  general 
rule,  as  the  majority  of  our  best  preserved  old  work  nearly  inva- 
riably is  in  sandstone.  Outside  these  groups  there  are,  however, 
some  stones,  but  not  very  commonly  met  with,  that  show  durable 
work,  such  as  the  Camstone,  and  some  of  the  basalts. 

Quartzose  stones,  when  dry,  nearly  invariably  are  difficult  to 
work.  This  is  the  case  with  the  "  Park  stone,*'  Wexford,  whidi, 
when  worked  in  its  '^  quarry  water,"  as  exemplified  in  Boche's 
Churches,  turns  out  good  work.  Our  ancestors  may  have  under- 
stood this  peculiarity  in  the  stones,  or  it  is  possible  Uiey  may  have 
overlooked  first-costs,  and  speculated  solely  on  the  subsequmit 
durability  of  their  work — they  working  in  hard  stones  that  now 
would  be  condemned. 

[Some  sandstones  which  occur  not  uncommonly  in  the  Carboniferous  fionDStioa 
haye  a  latent  silicious  or  carbonaceous  cement,  and  when  newly  raised,  and  in  their 
quarry  water,  are  soft  and  easily  worked,  but  subsequently,  when  diy,  they  become  as 
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hard  aa  a  ailicioua  grit.  Some  atones  coatnict  oonaiderably  during  the  drying,  and 
stonea  of  this  daaa,  before  being  naed,  ought  to  be  giyen  time  to  dry  and  contract,  aa 
•otherwiae  they  will  dry  unevenly,  and  ahow  not  only  unaightly  open  jointa  in  the  work, 
but  are  alao  liable  to  cauae  uneyen  aettlemeati.] 

The  cements  of  the  sandstones  axe  silicions,  calcareo-siliciouSy 
and  argillo-siliGious.  Usually  in  a  oontraiy  order  they  out  the 
more  easily,  while  their  durability  is  the  reverse,  except  in  some 
•cases,  that  is,  where  they  are  micaceous,  as  many  such  stones, 
otherwise  good,  are  not  durable. 

Other  examples  of  well-preseryed  sandstone  carving,  besides  the 
previously  mentioned  doorway  at  Maghera,  Co.  Derry,  are  exem- 
plified in  the  doorway  at  Eilleshin,  Co.  Carlow,  cut  in  the  local 
ooal-measure  sandstone;  in  the  massive  and  beautifully  carved 
<sro6ses  at  Monasterboice,  Co.  Louth,  the  stone  being  a  clean- 
grained  silidous  sandstone,  8t.  John's*  Gate,  Drogheda,  in  the 
same  county,  was  built  of  mixed  limestone  and  sandstone,  and  it 
exemplified  the  unequal  weathering  and  durability,  the  latter 
being  perfect,  while  the  others  have  decayed  considerably :  it  must* 
however,  be  allowed  that  the  limestone  was  of  a  very  bad  class. 
The  dressed  work  at  Mellif ont  shows  the  durability  of  the  sand- 
stone. In  the  latter  the  bad  effects  of  mica  is  also  exemplified, 
the  micaceous  sandstones  that  were  used  having  sadly  weathered. 

[The  old  ruina  at  Mellif  ont,  during  the  late  repaira  under  the  Board  of  Worka,  had 
the  rubbiah  remoTed,  and,  aa  pointed  out  by  Mr.  Lynam,  County  Surveyor,  the  sand- 
stonea  thereby  re-exposed  have  rapidly  weathered.  This  I  have  observed  elsewhere, 
not  Bolely  in  regard  to  sandstone — ^as  the  atones  in  different  ruins,  when  expoaed  to  the 
•drying  effect  of  the  atmoaphere,  have  rapidly  decayed.  This  may  be  seen,  aa  well  aa 
elsewhere,  at  Devenish,  Lough  Erne,  where  the  re-exposed  aandstonea  have  suffered, 
and  in  St.  Kevin  of  Glendalough,  Co.  Wicklow,  where  many  of  the  old  disentombed 
aculptured  schist  slabs  have,  in  a  few  years,  been  greatly  defaced.  A  cupped  stone, 
now  in  "  Saint  Kevin's  Kitchen,"  when  first  raised,  had  all  the  tool  markings  ;  but 
theae  were  obliterated  by  its  being  allowed  to  weather  for  a  year.  It  may  appear  re- 
markable that  stonea,  when  in  their  natural  aaturation,  that  is,  having  their  "  quarry 
water,'*  harden  when  expoaed,  while  atonea  aubsequently  saturated,  when  dried,  de- 
cay. To  explain  this,  it  may  be  suggested  that  the  first  water,  that  is,  the  "  quany 
water,"  was  in  combination  with  either  silica  or  carbon,  the  mineral  matter  consolidat- 
ing aa  the  water  evaporated,  while  in  the  aubsequent  aaturation,  the  moisture  was 
solely  water  that  had  saturated  the  pores  and  other  vacancies  in  the  stone,  thereby  ab- 
sorbing the  cement,  and  when  thia  water  with  the  absorbed  cement  was  withdrawn,  it 
left  the  stone  more  or  leaa  a  friable  maa*— at  least  aa  far  in  depth  aa  the  absorption  had 
effected  it] 
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In  Boyle  Abbey,  Co.  Eosoonamon,  the  stone  shows  excellent 
work ;  it  is  also  durable,  as  in  places  it  still  retains  the  tool 
markings. 

[In  America,  and  also  in  England,  many  stones,  even  when  in  the  qnairy,  «« 
sawn,  or  otherwise  worked  and  sculptured  hy  machinery ;  very  little  work,  howew, 
of  this  kind  goes  on  in  Ireland.    In  some  workshops  there  is  sawing  and  planing ;  but 
there  does  not  seem  to  be  a  quarry  in  which  the  stones  are  cut  in  situ :  while  if  a 
building  is  in  progress  you  generally  hear  the  hammer  and  chisel,  and  not  the  saw  or 
plane,  at  work.    However,  saws,  at  least,  were  known  to  the  early  Irish  builder  as 
in  many  of  the  ancient  structures  the  stones,  especially  sandstones,  were  sawn,  not 
chiselled.    The  only  instance  that  I  can  learn  of  saws  being  used  to  cut  stone  in  tUu, 
was  in  the  Angliham  marble  quarry,  Co.  Galway,  where,  somewhere  about  the  year 
1860,  Mr.  Abbott  erected  a  sawing-fnune  and  engine ;  but  when  the  block  wis  about 
half  cut  through,  the  saws  broke  off,  leaving,  as  Mr.  Sibthorpe  points  out,  a  puisleifce 
for  future  geologists  to  explain  how  parallel  narrow  seams  of  oxide  of  iron  occur  m 
the  blocks.]  f 

On  reviewing  the  records  of  the  different  Goimties,  it  is  oon- 
spiouous  in  how  many  places  the  sandstones  or  oonglomerates  were 
wrought  into  millstones.     In  some  places  there  was  a  large  trade 
not  only  for  home  but  also  for  English  uses.    This  trade,  how- 
ever, seems  to  be  altogether  a  thing  of  the  past,  as  nowhere, 
as  far  as  we  can  learn,  is  it  now  followed.    The  manufacture  of 
stones  for  flax-OTUshing  necessarily  died  out  when  the  new  modes 
of  crushing,  or  manipulating,  were  introduced ;  but  the  dedine  in 
the  demand  for  corn  millstones  seems  to  have  been  solely  due  to 
the  repeal  of  the  Com  Laws,  which  starved  out  the  industry,  and 
caused  it  to  be  abandoned.    Since  then  the  few  stones  required  are 
imported,  principally  from  France.     At  the  once  famous  quairies 
of  Drumdowney,  Co.  Kilkenny,  there  has  not  been  wrought  a 
pair  of  stones  since  1875,  and  then  only  one  pair. 

To  some  of  the  good  class  sandstones  not  now  in  request,  as  those 
near  Thurles  and  Dundrum,  Co.  Tipperary ;  Doon,  Co.  Liimerick: 
and  others  mentioned  hereafter ;  public  attention  may  be  specially 
directed. 

[When  the  modem  sandstone  buildings  are  tabulated,  it  at  first  appears  remarkable 
that  so  many,  oTen  in  towns  at  great  distances  from  one  another,  are  all  built  of  atooei 
from  one  quarry.  On  inquiry,  this  appears  to  be  due  to  their  having  been  built  by  one 
contractor,  or  under  the  orders  of  one  architect,  the  [contractor  or  architect  haying  an 
interest  in,  or  liking  for,  a  certain  stone.  In  Dublin,  many  of  the  recent  Inauzanoe 
( )ffices  have  in  them  the  same  stones,  they  all  having  been  built  by  the  one  contractor. 
But  this  is  more  conspicuous  in  the  country  towns,  especially  in  the  Banks — as  the 
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officee  of  one  company  throngh  a  large  range  of  country  will  all  be  built  of  one  stone, 
vhile  in  aU  those  belonging  to  another  company  a  different  stone  is  used ;  the  stones 
often  being  brought  from  a  distance,  although  better  stones  could  be  procured  in  the 
Ticinity.] 


GEOLOGICAL  EPITOME. 

The  Arenaceous  rooks  range  all  through  the  different  geo- 
logical groups.  It  is  therefore  expedient,  before  entering  into 
detail,  to  give  an  epitome  of  the  present  state  of  Irish  Geology. 
Li  this  the  classification  of  the  groups  is  that  adopted  in  the 
Table  of  Strata  in  the  first  Paper  of  this  series  on  Ldsh  Economio 
Geology  {ante,  "  Metal\Mining/'  p.  204). 


CATffBTlTAN  AND  ABENIG. 

piieee  groups  are  so  mixed  up  as  to  necessitate  their  being  described  together.] 

From  the  latest  fossil  evidence  brought  before  the  public,  which 
is,  that  supposed  Arenig  type  fossils  have  been  found  in  the  gneiss 
and  schist  series  at  Fintown,  it  would  appear  that  it  is  now  incon- 
testably  proved  that  the  oldest  rock  in  Donegal  cannot  be  more 
anoient  than  Cambrian.  Consequently,  all  the  other  similar  rocks 
in  Ireland,  which  some  have  called  Laurentian,  are  probably  of  the 
same  age  or  younger :  that  is,  these  metamorphosed  rocks  must  be 
the  equivalents  of  either  the  Ordovician,  Arenig,  or  Cambrian. 

In  1862  Jukes,  and  in  1863  Sterry  Hunt  (after  Laurentian 
rooks  were  proved  to  eidst  in  Scotland),  suggested  the  possible 
Laurentian  age  of  the  Donegal  gneiss.  In  1865  Murchison  an- 
nounced the  existence  of  Laurentian  rocks  in  the  Twelve  Pins 
{Bennabeola)y  Connemara,  Co.  Galway;  but  immediately  after- 
wards he  withdrew  this  statement.  In  the  Oeology  of  Ireland 
(1878),  and  subsequently  in  various  Papers  read  before  the  Boyal 
Irish  Academy,  the  Boyal  Dublin  Society,  and  the  Eoyal  Geo- 
logical Society  of  Ireland,  I  pointed  out  that  some  of  the  meta- 
morphic  rocks  of  Donegal,  Antrim,  Tyrone,  Leitrim,  Sligo,  and 
Mayo  were  probably  Cambrians,  but  possibly  Laurentians ;  while 
Dr.  Hioks  immediately  afterwards  suggested  that  the  rocks  called 
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by  me  Cambrians  in  the  Co.  Tyrone  were  possibly  Laurentians; 
and  this  was  followed  by  Dr.  Callaway,  who,  in  1881,  stated  that 
patches  in  my  Cambrians,  Co,  Wexford,  were  Laurentians.  Sub- 
sequently came  Dr.  Hull,  who  seems  to  consider  that  all  the  tracts 
of  highly  metamorphio  rocks,  except  those  in  Wexford  previously 
olaimed  by  Dr.  Callaway,  are  of  Archaean  age  ("  Laurentian 
Bocks  in  Donegal  and  Elsewhere  in  Ireland,"  Tram.  Roy.  Dub. 
Soc.y  vol.  i.,  ser.  ii.,  p.  245).  It  seems  remarkable  that,  while  the 
rocks  of  the  Mullet,  in  North- west  Mayo,  are  included  in  this 
Paper,  those  of  South-east  Wexford  should  be  left  out,  more  espe- 
cially as  the  rocks  in  both  localities  are  lithologically,  microscopi- 
cally, and  apparently  stratigraphically  similar,  if  not  identical. 

The  Wexford  rocks  claimed  by  Dr.  Callaway  to  be  LaureniiaDS 
are,  as  he  has  described  them,  "  a  mosaic  of  irregular  fragments^*  (!) 
protruding  into  a  tract  of  undoubted  Cambrian  rocks,  as  proved 
by  their  fossils.  Nowhere  else  in  the  world  have  the  Laurentian 
rocks  appeared  after  this  fashion,  and  I  do  not  believe  in  their 
existence  in  the  Co.  Wexford,  as  the  so-called  Laurentians  are 
only  metamorphic  intrudes  of  Igneous  rocks  and  their  associated 
tuffs,  similar  to  the  intrudes  found  elsewhere  in  every  group  of 
Irish  strata,  from  the  Carboniferous  down  to  the  Cambrian. 

[From  Dr.  Callaway's  Paper,  "  MetamorpHc  and  Associated  Rocks  South  of  Wex- 
ford" {Oeol.  Mag.,  Nov.,  1881),  it  is  oTident  that  the  writer  had  my  memoir,  but,  at 
the  same  time,  that  the  maps  he  was  consulting  were  those  published  some  quarter  of 
a  century  prior  to  my  being  in  the  county  or  my  examination  of  the  rocks.  How 
anyone  could  possibly  imagine  that  my  description  was  that  of  the  obsolete  maps  ii 
hard  to  conceive;  more  especially  as  on  these  maps  are  printed  the  dates  of  their 
publication  and  the  names  of  the  Surveyors.] 

The  Galway  metamorphosed  rocks  that  are  said  to  be  Lauren- 
tians are  undoubtedly  the  equivalents  of  the  English  OrdoviciajM, 
as  proved  by  the  fossils  in  the  unaltered  portions.  This  will  be 
more  fully  discussed  when  treating  of  the  rocks  of  that  oouniy, 
while  the  supposed  Laurentian  gneiss  of  the  Co.  Donegal  ought 
now  to  be  disposed  of,  if  the  markings  exhibited  by  Dr.  Hull  si 
the  British  Association  Meeting,  1886  (Birmingham),  are  Arenig 
types  of  graptolites,  which  there  now  seems  to  be  every  reason  for 
supposing;  for  if  this  be  so,  it  unquestionably  proves  that  the 
gneiss  of  Donegal,  which  is  part  of  the  same  series,  oannot  posaibly 
be  more  ancient  than  Cambrian :  that  is,  these  rooks  must  be  the 
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•qmyalents  of  the  rocks  of  the  groups  suggested  by  me  in  1878, 
in  my  Geology  of  Ireland. 

In  the  Co.  Galway  there  are  no  rocks  that  can  possibly  be  of 
Liaurentian  age,  and  the  same  thing  may  now  be  said  of  the  Co. 
Donegal.  It  is,  therefore,  only  sensational  geology  to  say  that  in 
the  intervening  area  (Mayo,  Sligo,  Leitrim,  and  Tyrone)  there  are 
Laurentians,  more  especially  as  the  metamorphic  rocks  therein 
found  are  lithologically,  and  apparently  stratigraphioally,  iden- 
tical with  the  rocks  in  Galway  and  Donegal.  In  the  descriptions 
of  those  counties  in  which  Laurentians  are  stated  to  exist  more 
special  details  wiU  hereafter  be  given. 

[As  it  has  been  assumed  in  some  of  the  official  memoirs  that  the  existence  of 
Archffian  rocks  in  Ireland  has  been  proved,  this  subject  has  to  be  more  promi- 
nently mentioned  than  would  otherwise  be  necessary.  This  recent  finding  of 
Archaean  has  been  very  sensational  from  the  first  Up  to  the  end  of  1880  Professor 
Hull  insisted  that  my  classification  was  probably  wrong,  as  the  oldest  rocks  in 
Oonnaught  and  Ulster  were  proved  by  the  work  of  the  Survey  to  be  of  Ix>wer 
Silurian  (Ordovician)  age.  But  in  January,  1881,  when  JDrs.  Hiekt  and  Callaway 
suggested  that  some  of  my  Cambrians  were  Arehaan,  quite  suddenly  Professor  HuU 
•discovered  Laurentians  in  Donegal  and  elsewhere  in  Ireland.  After  seven  years  of 
steady  work  in  the  Counties  Galway  and  Mayo,  I  classified  the  older  rocks,  and 
subsequently  traced  them  from  Mayo  into  Sligo,  Leitrim,  Donegal,  and  Tyrone.  The 
rocks  of  the  Twelve  Pins  {Bennabeola),  Co.  Galway,  are  lithologically  more  similar  to 
the  Huronians  of  Ontario,  Canada,  than  the  rocks  in  any  other  place  in  Ireland. 
These  are  the  rocks  which,  after  Eozoon  Canadense  had  been  found  in  them,  Murchison 
at  one  time  suggested  might  be  Laurentians ;  but  the  rocks  in  the  same  county,  said 
l)y  Professor  Hull  to  be  of  Laurentian  age,  are  evidently  the  youngest  in  this  part  of 
Galway,  and  in  the  westward  portion  of  his  area,  where  some  of  the  rocks  are  very 
little  altered,  fossils  possibly  may  at  some  time  be  found,  for  as  yet  they  have  not  been 
properly  searched.  The  rocks  of  the  Slieve  Gallion  district  (Co.  Tyrone)  and  those  of 
the  Pettigoe  district  (Counties  Fermanagh  and  Donegal)  are  partly  like  those  of 
Ontario,  but  in  them  are  not  found  the  calcareous  rocks  so  well  represented  in  Benna- 
l)eola,  Co.  Galway.  There  are  also  other  rocks  in  Donegal  that  are  partly  like  the 
Ontario  rocks,  such  as  those  in  the  long  tract  embracing  the  Gartan  Lakes  (Loughs 
Beagh  and  Akibbon),  and  extending  from  them  north-easterly  by  Lough  Keel  to  the 
«outh  end  of  Mulroy  Bay — ^bits  in  which  area  are  very  similar  to  Ontario  and  Assina- 
boia,  as  seen  north  of  Lake  Superior.  The  rocks  of  Crann  Moimtain,  Co.  Wexford, 
are  also  somewhat  like.  As  to  the  gneissose  rocks,  those  of  Galway,  on  the  north 
•of  Galway  Bay  (which  evidently  are  metamorphosed  Ordovicians),  are  lithologi- 
eally  more  like  the  Laurentians  of  the  Dominion  and  the  States  than  any  other  rocks 
in  Ireland,  if  we  except  some  small  patches  of  very  limited  extent  in  Mayo,  and 
perhaps  little  bits  in  Sligo  and  Leitrim ;  but  the  gneiss  and  schist  of  Donegal  lithologi- 
<2ally  are  very  unlike,  while  apparently  they  are  identical  with  the  metamorpboeed 
Ordovicians  of  the  Schuyllkill  River^valley,  Pennsylvania  (Mount  Alban  series,  Hitch- 
.cock,  OT  Hudson  series,  Dana).  In  1884  and  1885  the  late  Gerrard  A.  Kinahan,  as 
previously  mentioned  (ante,  p.  276),  worked  out  an  unconformability  in  central  Donegal 
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between  the  later  less  altered  rocka  and  the  rocks  of  the  older  series — gneiss  with  their 
associated  schists  (Gartan  series).  This  unconformability  in  connexion  with  thoee* 
preyiously  found  by  Griffith  to  the  north-east,  in  the  Glen  yalley,  and  to  the  south- 
east, between  the  rocks  of  the  Slieve  Gallion  district  and  those  to  the  northward,  com- 
bined with  M'Henry's  discovery  of  Arbnig  fossils  in  the  "  Gartan  series,"  onght  to 
make  the  geology  of  at  least  Ulster  quite  plain ;— the  gneiss  and  associated  '*  Gartan 
series"  being  the  equivalents  of  the  Arenig  and  Ca$nbr%an,  while  the  later  metamorphie 
rooks  represent  the  upper  part  of  the  OrtUmeian  and  more  or  less  of  the  Llandeveiy  ( Jfrjr 
Sill  sandstone  or  passage  beds),  the  lower  portion  of  the  Ordovician  {Llandeilo)  being 
absent  in  this  province.] 

The  Cambrians  or  Arenig  of  Antrim  (P),  Donegal,  Leitrim  (?), 
81igo  (P),  Mayo,  and  Gralway  are  all  more  or  less  altered  into 
Bohist,  gneiss,  or  even  granite ;  and  in  these,  at  the  present  time, 
no  fosnls  arereoorded,  except  the  recent  finds  in  the  rooks  of  the 
Co.  Donegal.  In  Co.  Galway  they  are  found  in  the  Ordovicians^ 
but  not  in  the  underlying  Arenigs  or  Cambrians  (P).  In  places, 
especially  in  the  Co.  Donegal,  some  of  the  gneiss  and  quartzy  te  are- 
yeiy  little  changed,  but  in  general  all  the  arenaceous  rocks  are 
more  allied  to  quartzyte  or  quartz  rock  {greisen)  than  to  sandstone 
or  grits. 

In  Dublin,  Wicklow,  and  Wexford,  some  of  the  Cambrians  are- 
metamorphosed,  especially  in  the  latter  county,  where,  to  the 
south-east,  they  are  changed  into  gneiss  and  granite;  but  in 
places  in  them  are  quartzyte  and  quartz  rock  [greisen)^  and  in  the 
unaltered  portion  grits  and  sandstones. 


OBDOVICIAK  and  LLAKBOVEBY. 

[In  the  Table  of  Geological  Strata,  <<Hstal  Mining"  {anU  p.  204),  the  Fastofe 
beds  between  the  Ordovioians  and  Silurians  are  called  "  May  Hfll  Sandstones,"  or 
<'  Llandovery."  In  this  Paper  the  latter  name  will  be  used.  In  Clare,  Tipperarjr 
and  south-east  Galway,  the  Llandoveries  are  more  nearly  allied  to  the  Ordovicians ; 
but  in  the  Dingle  promontory,  Co.  Kerry,  they  are  joined  on  below  the  Silurians.] 

Many  of  these  rooks  are  metamorphosed^  as  more  fully  men* 
tioned  in  the  descriptions  of  the  counties.  Some  of  the  grits  and 
sandstones  are  capable  of  dressing  well ;  but  only  a  few  of  them 
are  now  in  request  for  cut-work  purposes,  as  tiie  younger  and 
softer  stones  are  preferred.  They  were,  however,  used  in  many 
of  the  early  structures,  and  proved  good  and  durable  stones.  They 
were  also  used  in  many  of  the  Fre-historic  megalithic  structures,  as 
they  were  capable  of  being  raised  in  massive  slabs. 
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SILTJBIAK  and  DEVONIAN. 

[Except  in  south-west  Ireland  (Cork  and  Kerry),  these  rocks  seem  to  be  rather 
inixed  up.  The  Devonian  proper  are  the  equivalents  of  the  '*  Lower  Old  Bed  Sand- 
-stone,"  or  Passage  beds  between  the  Silurian  and  Carboniferous ;  but  in  many  places, 
•either  stratigraphically  or  lithologically,  it  is  hard  to  determine  whether  the  rocks 
should  be  called  Devonian  or  Silurian,  as  the  lower  beds  of  the  Silurian  (Smertciek  beds), 
the  upper  beds  of  the  Silurian  (Dingle  beds),  and  the  Devonian,  are  all,  lithologically, 
more  or  less  identical.  Their  exact  age,  therefore,  cannot  be  positively  stated,  except 
in  such  places  as  Cork  and  Kerry,  where  good  continuous  sections  across  the  strata  are 
exposed  (see  Kerry,  p.  667).  The  lower  rocks  in  the  Silurian  are  usually  reddish,  or 
purplish,  and  over  these  are  light-coloured  fossilif erous  rocks  (shades  of  grey,  green, 
and  blue) ;  but  still  higher  up  on  these,  in  all  the  Irish  tracts,  there  are  rocks  more  or 
less  similar  to  those  below.  Hereafter,  in  these  descriptions,  the  reddish  rocks  will  be 
called  of  the  **01d  Bed  Sandstone  type,"  and  the  lighter-coloured  rocks  <*  Typical 
'Silurians."] 

In  some  of  the  new  maps  there  has  been  a  curions  dividing  up 
of  the  Silurians :  this  is  especially  conspicuous  at  Lisbellaw,  Co 
Fermanagh.  This  is  an  interesting  locality,  as  the  condition  under 
which  the  "Lisbellaw  Conglomerate"  accumulated,  must  have 
l>een  very  identical  with  what  is  now  going  on  at  the  Chesil  Bank. 
In  Lyme  Bay  the  "  flow-tide  "  current  runs  from  the  westward ; 
and  this  current,  accelerated  by  the  wind- waves,  carries  the  Chesil 
Beach  along  with  it,  to  be  accumulated  in  the  bight  behind,  or  west- 
ward of,  Portland  Bill,  which  acts  as  a  groyne.  Chesil  Bank,  or 
leach,  becomes  coarser  and  larger  as  it  is  followed  east,  till  it  forms 
4k  massive  heap  of  shingle  to  the  west  of  the  Bill ;  but  eastward  of 
the  Bill,  in  Weymouth  Bay,  there  are  finer  accumulations.  In 
JSilurian  times  similar  forces  were  at  work  in  the  neighbourhood  of 
lisbellaw.  Eunning  north-eastward  from  Lisbellaw  was  a  coast- 
Kne,  while  west  of  the  village  there  was  a  spit,  or  "  Bill,'*  of  Or- 
dovician,  and  west  of  the  latter  a  bay.  Along  the  north-east  and 
.south-west  shore  the  "  flow-tide  "  current  ran  south-west  to  Lis- 
Ibellaw,  the  shore  accumulations  increasing  in  magnitude  and 
coarseness  from  the  north-east  towards  the  south-west.  Thus  we 
£nd  at  the  north  of  Lough  Eyes  their  conglomerates  lying  un- 
conformably  on  the  Ordovician ;  to  the  south-west  is  the  massive 
^*  Lisbellaw  Conglomerate  "  accumulated  against  the  Ordovician 
spit,  that  acted  as  a  groyne ;  while  in  the  bay,  west  of  the  latter, 
sandstones  and  shales  accumulate.  Thus,  there  is  a  parallel  in 
loth  places,  as  along  the  shore-lines  the  beach  gets  coarser  and 
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larger  down  the  current,  till  it  comes  to  the  groyne,  when  it  acca- 
nmlates,  while  westward  of  the  groyne  the  accumulations  are  fine 
and  small.  On  the  map,  for  no  perceptible  reason,  the  *^  Ldfibellaw 
Conglomerate  "  is  made  to  belong  to  one^  geological  group,  and 
the  conglomerates  of  Lough  Eyes  to  another.    {Antea,  p.  504,) 

In  these  groups  there  are  in  places  sandstone :  these,  from  thfr 
ancient  structures  in  which  they  were  used,  are  proved  to  be  du- 
rable, and  capable  of  producing  good  work ;  now,  however,  they 
are  not  much  sought  after,  except  for  local  purposes,  partly  on 
account  of  their  hardness,  but  more  generally  on  account  of  lune- 
stone  being  found  in  their  vicinity — the  latter  rock,  in  such  lo- 
calities, being  now  more  generally  preferred[f or  cut-stone  purposes. 
Quite  recently,  however,  in  a  few  localities^they  seem,  in  soma 
measurei  to  be  rising  in  public  estimation. 


CABSONIFEROUS. 

The  Carboniferous  sea  in  the  Irish  area  must  have  been  of 
different  depths,  besides  having  in  it  islands  varying  greatly  in 
dimensions.  The  rocks  deposited  in  the  greater  depths  seem,  for 
the  most  part,  to  have  been  arenaceous  and  argillaceous  {Loictr 
Carboniferous  Sandstone  and  Shaky  or  Yellow  Sandstone — Griffith) ; 
but  similar  rocks  were  also  afterwards  [deposited  as  littoral  accn- 
mulations  on  different  geological  horizons,  even  up  into  the  Coal- 
measures  ;  therefore  rocks  of  this  class|[are  formed  not  only  und^ 
all  the  limestones,  but  also  at  different  higher  levels ;  they  solely 
indicating  different  localities  near  ancient  land  in  the  Carboni- 
ferous sea.  After  a  time,  in  some  parts  the  bottom  of  this  sea 
seems  to  have  grown  up,  or  to  have  been  moved  up,  causing  the 
water  to  become  shallow,  and  the  conditions  more  or  less  like  those 
at  the  first,  so  that  sandstones  and  shale  {Calp)y  somewhat  like 
those  at  the  original  bottom  [Lower  Carboniferous  Sandstone),  were 
again  deposited. 

In  Munster,  the  adjoining  portion  of  Leinster  {King^s  and 
Queen^s  Counties),  and  in  north-western  Connaught  [Mayo),  nearly 
everywhere  the  Lower  Carboniferous  Sandstone  occurs,  margining 
the  older  rocks,  and  separating  them  from  the  limestone.  This, 
however,  in  general,  is  not  the  case  in  the  rest  of  Ireland.  In  the 
Co.  Wexford,  to  the  north-west  of  the  limestone^  are  such  shore 
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acoumulations,  while  south-east  of  the  trough  there  are  none,  ex« 
oept  a  few  thin  subordinate  sandstones.  West  of  the  Leinster 
range,  coming  up  from  the  south,  these  shore-rocks  gradually  thin 
out,  and  disappear  south  of  Bagnelstown,  not  to  be  met  further 
north  except  in  small  patches,  such  as  at  Newcastle,  south-east  of 
Celbridge  {Kiidare),  where,  we  may  suppose,  there  was  a  cape, 
alongside  which  a  beach  accumulated.  In  connexion  with  the 
Chair  of  Kildare,  and  the  other  small  exposures  of  Ordovicians, 
that  seem  to  have  been  islands  in  the  Carboniferous  sea,  these 
shore- beds  only  occur  at  one  side  of  the  older  rocks.  Margining 
the  large  protrusions  of  Ordovicians  in  the  central  plain  of  Ire- 
land, the  Lower  Carboniferous  Sandstones  are  very  continuous, 
while  in  the  west  of  the  Co.  Galway,  margining  the  older  rocks, 
they  are  only  found  at  Oughterard  and  Cong,  in  places  that  must 
have  been  bays.  In  western  Mayo  they  are  very  continuous; 
but  in  the  rest  of  that  county,  in  Sligo  and  Roscommon,  they, 
in  general,  only  occur  to  the  south  or  south-east  of  what  was 
the  old  land:  the  exceptions  being  the  tracts  north-west  of  the 
western  end  of  the  Curlew  Mountains  (north-east  Mayo)^  and  those 
north-west  of  the  Ox  Mountains  [Co.  Sligo).  In  the  large  south- 
west and  north-east  bay,  between  the  Ordovtcian  land,  south  and 
south-west  of  Lough  Neagh,  and  the  Silurian  land,  between 
Loughs  Neagh  and  Erne,  the  Lower  Carboniferous  Sandstone^  ex- 
cept in  the  north-east  portion,  was  very  continuous ;  but  to  the 
north  of  Lough  Erne  the  Carboniferous  Limestones,  like  as  at 
Oughterard,  were  accumulated  against  an  old  cliff,  sandstones  only 
being  deposited  to  the  north-east,  in  the  Termon  Eiver  valley.  In 
the  tracts  of  Carboniferous  to  the  northward  {Donegal^  Londonderry^ 
and  Tyrone)^  the  shore-beds  nearly  invariably  only  occur  to  the 
north,  as  in  the  tracts  at  Donegal  Bay,  and  westward  of  Omagh. 
At  Feeny,  however,  westward  of  Dungiven,  there  is  a  small  tract 
that  seems  to  have  accumulated  in  a  small  bight,  or  bay,  where  the 
shore-beds  were  to  the  southward ;  while  in  Fanad,  west  of  Lough 
Swilly,  is  the  small  tract  to  which  attention  has  lately  been  di- 
rected by  Messrs.  Hull  and  Cruise,  in  which  the  oonglomeritio 
accumulations,  as  pointed  out  in  a  paper  by  Mr.  Mahony,  occur 
along  the  southern  shore,  and  silts  occur  along  the  northern. 

[In  the  Lower  Carboniferous  Sandstones,  and  also  in  the  subsequent  **  shore  accu- 
molations,"  there  are  two  distinct  types,  the  lowest  beds  and  those  on  higher  horizons 
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Adjoining  the  shore-line,  retpectirely,  being  generally  of  reddish  or  purplish  ookmn, 
and  more  or  less  coarse,  often  conglomerates.  But  not  always  ao,  as  aometimes  they 
are  fine  red  shales.  Above  these,  or  farther  out  from  the  shore,  the  arenaceoai  rocb 
become  yellow  and  grey  sandstone,  with  more  or  less  subordinate  grey  and  Umdi 
shales.  This  graduation  generally  takes  place  upwards,  but  not  always ;  as  in  Galway 
and  Mayo,  near  Oughterard  and  Castlebar,  you  can  trace,  along  the  strike  of  the 
bedding,  conglomerates  graduating  into  sandstones,  and  the  latter  into  pebbly  lime- 
stones. This  also  can  be  seen  in  Yarious  other  places,  as  between  Ballyahannon  and 
Fettigoe,  Counties  Donegal  and  Fermanagh.  Griffith  was  aware  that  sanditoiMi 
of  both  these  colours  and  textures  were  the  basal  beds,  or  *<  shore  beds,**  of  die 
Carboniferous  limestone ;  but,  to  meet  the  nomenclature  of  the  day,  he  called  the 
dark -coloured  rocks  "  Old  Red  Sandttime,**  and  for  the  light-coloured  he  introduced  the 
term  '*  TeUoto  SatuhUme,**  Jukes,  however,  adopted  a  different  course,  as  he  indnded 
both  together  in  his  Upper  Old  Red  Sandetone, 

Of  late  years  this  merely  lithological  distinction  has  again,  in  places,  been  intsh 
duced  and  given  an  unnatural  value ;  so  that  we  find  on  the  new  maps  little  ipots 
called  '*  basins  of  Old  Red  Sandstone,''  solely  because  the  rocks  are  of  dark  colour  and 
coarser  texture,  while  in  other  places  exactly  similar  rocks  are  given  their  Bstanl 
place :  that  is,  they  are  grouped  as  the  basal  or  shore  beds  of  the  Lower  Zimetim, 
In  Western  Mayo  the  rocks  are  placed  in  th^  true  position ;  but  this  has  not 
been  done  in  Eastern  Mayo,  although,  as  pointed  out  by  Symes,  the  classificstioa 
into  two  distinct  formations  is  <*  chiefly  lithological'*  {Geological  Survey  Jfisuirt, 
eheets  41,  63,  and  64,  pa^e  14,  and  footnoU  by  Dr.  Hull).  From  the  detcriptifla 
of  the  rocks  of  Western  Mayo  it  will  be  seen  that,  similarly  as  Griffith  m^ped 
them,  these  ought  also  to  be  *'  Old  Red  Sandstone"  in  the  eastern  area:  that ia,  if 
there  is  *'  Old  Red*'  in  the  east  of  the  county,  it  must  also  occur  in  the  west,  if  the 
lithological  character  had  been  given  the  same  value  in  both  districts  {Oeol.  Mem.y  theeU 
89,  40,  61,  62,  and  62,  paff0  16).  Griffith,  and  subsequently  Jukes,  were  gradusllf 
bringing  Irish  geology  out  from  the  mists  of  the  past,  and  it  seems  regrettable  that  it 
should  now  be  plunged  back  again  into  the  dark  ages.] 

The  fauna  of  the  lower  group  {Lower  Carboniferous  Sandstone  or 
Tellow  Sandstone)^  although  it  was  unsuited  for  the  clearer  and 
deeper  waters  in  which  the  associated  limestones  accumulated,  did 
not  die  out,  but  emigrated  to  the  congenial  littoral  shallow  waten, 
afterwards  to  again  spread  out  in  later  times  {Calp}^  when  the 
accumulations  and  conditions  were  favourable.  Thus,  we  find  in 
the  Lower  Carboniferous]  sandstones  and  shales,  in  the  Littoral 
sandstones  and  shales,  and  in  the  Calp  accumulations,  that  the 
rocks  and  their  fauna  are  more  or  less  similar.  There  is,  how- 
ever, in  places  in  the  Oalp,  a  marked  change  in  the  accumulations, 
they  being  more  or  less  calcareous,  and  even  in  places  good  lime- 
stone. Yet  it  is  remarkable  that  in  them,  as  in  the  shaly  lime- 
stone of  the  Bathkeale  district.  Go.  Limerick,  the  assemblage  of  the 
fossils  is  very  similar  to  that  of  the  Lower  Carboniferous  sandstone, 
in  both  being  found  many  forms  which  are  not  to  be  met  with  ia 
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the  intervening  Lower  or  Fenestella  Limestone.  It  might  be  said 
that,  as  the  fauna  creeps  upwards  in  the  littoral  beds  from  the 
Lower  Carboniferous  Sandstone  and  Shale  to  the  Calpf  it  should 
have  crept  up  by  similar  means  from  the  latter  to  the  Coal-measures. 
This,  indeed,  may  possibly  have  happened,  if  John  Kelly's  olassifi- 
-cation  of  the  Slieve  Beagh  series  of  rooks  {Counties  Fermanaghy 
Tyrone^  andMonaghan\  now  favoured  by  Prof essor  Hull,  is  correct, 
•as  these  rocks,  according  to  Baily,  from  palaeontological  evidence, 
ought  to  be  classed  with  the  Lower  Carboniferous  Sandstones  and 
Shale,  At  the  same  time,  however,  a  very  great  change  seems  to 
have  taken  place  when  the  major  portions  of  the  Coal-measures 
were  accumulating,  as  they  are  not  essentially  littoral  deposits,  but 
must,  at  least  in  part,  represent  land  and  fresh-water  accumula- 
tions. G-riffith's  term,  ^'Yellow  Sandstone,"  seems  better,  as  a 
^neral  one,  than  '^  Lower  Carboniferous  Sandstone,"  as  it  does  not 
express  on  what  horizon  the  rock  accumulated,  while  it  suggests 
that  the  accumulations  were  marginal  between  the  Carboniferous 
.and  older  rooks ;  but  the  latter  name  seems  now  to  be  more  gene- 
rally preferred. 

In  south-west  Munster  the  Carboniferous  rocks  are  different, 
they  being  of  the  "Cork  type"  (Carbotiiferous  Slate  and  Yellow 
Sandstone).  These  consist,  in  a  great  measure,  of  slates  and 
4shales,  and  they  graduate  downwards  into  the  Devonian.  The 
.arenaceous  rocks  in  them  are  below  the  Yellow  Sandstone^  and 
higher  up,  on  different  horizons,  are  the  sandstones  called  by  Jukes 
Coomhoola  grits.  In  a  few  isolated  places  the  Carboniferous  slate 
^graduates  upwards  into  Coal-measures  ;  but  in  the  latter  the  grits 
and  sandstones  are  of  small  or  no  account.  Going  eastward  towards 
Cork  Harbour,  the  Carboniferous  Slate  becomes  split  up  and  inter- 
stratified  with  limestone ;  while  further  eastward  it  loses  its  indi- 
Tiduality,  being  replaced  by  rocks  more  or  less  of  the  "  Cbntbal 
Ibslai«d  types." 

In  the  rest  of  Munster  there  are  below,  and  also  as  littoral 
accumulations,  the  Lower  Carboniferous  or  Yellow  Sandstone  (Upper 
or  Carboniferous  Old  Eed),  and  still  higher  up  the  grits  and 
sandstones  of  the  CoaUmeasures.  The  Calp  here  (more  or  less 
ai^^illaoeous)  is  a  middle  division  in  the  limestone,  but  having 
in  places  arenaceous  calcareous  rocks,  or,  as  at  Castle  Lambert, 
Co.  Galway,  an  impure  coal  seam.    These,  however,  as  sandstones^ 
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are  not  of  much  account,  except  that  in  some  places  they  prodace 
good  flags.  Here  it  may  again  be  mentioned  that,  in  the  lime- 
stones of  the  Calp  of  tlie  Co.  Limerick,  there  are  many  Lover 
Carboniferous  Sandstone  and  Shale  fossils. 

In  Leinster  and  South  Connaught  the  Carboniferous  rocks  are 
Tery  similarly  circumstanced  to  those  of  North  Munster,  but  in 
North-east  Connaught  and  Ulster  there  are  marked  changes.  In 
the  south  portion  of  Ulster  and  adjoining  part  of  Connaught 
there  comes  in  as  a  middle  group  in  the  limestone,  or  as  indepen- 
dent groups  or  beds  on  different  horizons,  very  pure  arenaceous 
rock;  they,  the  Calp  Sandstones^  being  quite  distinct  from  the 
Yellow  Sandstones  below  and  the  Coal-measures  above.  In  these 
Calp  sandstones,  the  "  Fermanagh  sandstones,"  and  the  Calp  of  the 
Ulster  type,  are  procured  the  stones  now  of  most  note  in  the 
market.  As  a  rule,  the  sandstones  in  the  Coal-measures  are  con- 
sidered too  hard,  although  in  Leinster  some  of  them  are  really 
good  stones ;  while  the  Lower  Carboniferous  stones  are  often 
ignored.  This,  however,  may  be  due  to  prejudice  or  some  other 
cause,  as  near  Thurles  and  Dundrum,  Co.  Tipperary,  there  are 
stones  said  by  the  builders  who  have  worked  both  to  be  better  than 
any  of  the  "  Dungannon  stones"  {Calp). 

At  the  present  time  the  geology  of  South  Tyrone,  the  extreme 
north  part  of  Monaghan,  and  the  adjoining  portions  of  Fer- 
managh seems  to  be  mixed  up.  In  this  area,  in  Slievebeagh,  Cam- 
more,  and  in  the  country  to  the  eastward,  there  are  sandstone  and 
shales  that  QrifiBth  mapped  as  Calp,  because  apparently  they  were 
identical  with  the  Calp  near  Dimgannon,  in  Co.  Tyrone.  John 
Kelly,  however,  stated  that  they  belonged  to  the  Coal-measures, 
and  called  the  highest  group  "Millstone  Grits;"  and  in  the  recently 
published  maps  of  the  Geological  Survey,  John  Kelly's  dassifiica- 
tion  has  been  foUowed,  and  they  have  been  mapped  as  Lower 
Coal-measures,  the  lower  portion  being  called  by  Phillips*  local 
English  name,  Yoredale  beds  ;  it  being  here  divided  into  Toredale 
sandstone  and  shales,  while  the  upper  sandstones  are  called  Mill* 
stone  Orits. 

[It  seems  yerv  questionable  if  it  is  advisable  to  introduce  English  local  tenns  into 
Irish  geology,  more  especially  when  they  are  inapplicable.  Anyone  who  has  compared 
the  Irish  Coal-measures  with  those  of  England  should  be  aware  that  the  first  can  only 
be  compared  with  the  *^  Culm-measures"  of  Deyonshire,  while  there  is  no  similitude 
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between  them  and  those  of  Yorkshire,  where  Phillips'  name  was  introduced.  What 
English  geologist  would  attempt  to  divide  up  the  Devonshire  '*  Culm-measures*'  into 
Yoredale  beds,  Millstone  Grits,  and  Coal-measures  P  The  section  of  the  Carboniferous 
roeks  in  Fermanagh  and  Monaghan  (?)  is  different  to  any  elsewhere  in  Ireland.  Be- 
ginning below,  there  is — (1)  Lower  Carboniferous  Sandstone;  (2)  Shales;  (3)  Bark-blue^ 
ihin-bedded  Limestone^  with  Shale  partings  ;  (4)  Amorphous  Limestone  (Fenestella  Lime- 
stone) ;  (5)  Shales  and  Limestone ;  (6)  Sandstone ;  (7)  Shales ;  (8)  Amorphous  Lime- 
gtone  under  eherty  Limestone ;  (9)  Sandstones;  (10)  Shales ;  (11)  Sandstones^  ^e.  The 
groups  9,  10,  and  11  belong  to  the  Lower  Coal-mbasurss,  and  9  and  10,  or  Lower 
Goal-measures,  may  be  called  the  Fermanagh  series^  after  the  coimty  in  which  they  are 
best  developed,  and  not  after  **  Yoredale,"  where  the  rocks  are  different.  Group  11  is 
a  portion  of  the  Middle  Coal-measures.  Groups  1  to  4  are  somewhat  Uke  the  rocks  of 
Munster ;  but  groups  5  to  10  are  of  different  characters  and  arrangement  ] 

This  tract  is  interesting.  If  we  begin  to  the  eastward,  we 
find  sandstones  and  shales,  with  small  coals,  to  the  north  of 
the  Tyrone  Coal-field  (Dungannon),  where  undoubtedly  they 
belong  to  the  middle  or  Calp  division  of  the  Limestone.  In  them,. 
as  pointed  out  by  Hardman  [O.  8.  -3f.),  there  are  fossils  of  Coal- 
measure  types.  South-west  and  westward  of  Dungannon  are 
Bmall  tracts  of  similar  rocks ;  also  f axther  south-west — north-east, 
south-east,  and  south  of  Aughnacloy,  all  of  which  appear  on 
the  new  maps  as  Calp  sandstone  ;  but  immediately  after  we  cross 
the  Blackwater — that  is,  leave  the  Aughnacloy  area,  and  go  south- 
west— ^the  apparently  similar  rocks  in  the  district  of  Slievebeagh 
are  mapped  as  Yoredale  beds  and  Millstone  Grits.  Baily  contends 
that  these  rocks  ought  to  be  mapped  as  Lower  Carboniferous  Sand^ 
stones  and  Shales^  as  the  fossils  are  of  these  types ;  while  Kilroe 
states  it  is  difficult  to  see  any  difference  between  the  rocks  of  the 
Slievebeagh  district  and  those  of  the  Calp  {O.  8.  M.).  In  these 
rocks  of  this  Fermanagh  series  (as  it  will  hereafter  be  called)  and  in 
the  acknowledged  Calp  the  sandstones  are  very  similar,  the  "  Dun- 
gannon stone''  in  the  Calp  and  the  ''Lisnaskea  stone''  in  th& 
Fermanagh  series  beiug  of  one  class  and  equally  in  repute.  In 
the  Calp  sandstones  north  of  the  Tyrone  Coal-field  and  in  the  Lis- 
Baskea  quarries  have  been  found  similar  large  fossil  trees,  while 
the  assemblage  of  fossils  in  the  Fermanagh  series,  accordiug  to  Baily, 
is  that  of  the  Lower  Limestone  Sandstone  and  the  Calp,  and 
is  not  like  that  of  the  Coal-measures.  But  as  the  section  in 
South-east  Fermanagh,  between  Lisnaskea  and  Slievebeagh,  i& 
identical  with  that  of  the  known  Coal-measures  in  Belmore  and 
Cuilcagh  (West  Fermanagh),  it  is  evident  that  these  rocks  of  the^ 
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SlieTebeagh  district  miut,  at  least  in  part,  represent  the  Lotcer 
Cyat-^mei^Hm^  although  they  are  so  different  lithologically  from 
those  of  the  Tyrone  Coal-field  to  the  eastward. 

But  it  must  be  remembered,  as  pointed  out  in  my  Geology 
of  Ireland  (1878],  that  in  the  Coal-measures  of  North  Con- 
naught  there  is  a  marked  change,  the  Uthological  charact'erB 
of  the  Lower  Jfea^res  being  very  different  to  those  elsewhere 
in  Ireland;  as  below,  immediately  above  the  Upper  Limestone^ 
a  more  or  less  thick  group  of  sandstones  appear,  with  subordinate 
argillaceous  and  calcareous  strata ;  while  in  the  Middle  Measures 
there  are  three  coals,  one  of  value.  In  Tyrone  also,  but  not  else- 
where, are  found  workable  coak  in  the  Middle  Measures. 

In  North  Ulster  there  are  other  peculiarities,  as  the  rocks 
appear  to  have  accumulated  in  bays  or  seas  of  limited  extent ;  and 
the  different  groups  of  rocks,  elsewhere  capable  of  being  separated, 
become  mixed  up ;  the  red  and  yellow  sandstones,  the  different 
types  of  limestone,  and  even  shales,  identical,  except  in  fossils, 
with  those  of  the  Coal-measures,  being  more  or  less  mixed  up. 
These  rocks,  which  may  be  called  the  Ulster  Calp  type,  ooour 
nearly  altogether  north  of  a  line  drawn  from  Lower  Lough  Erne 
along  the  Silurians  of  the  Fintona  district  to  Lough  Neagh, 
excepting  the  rocks  near  Cookstown,  Co.  Tyrone,  which  are  south 
of  this  line,  and  have  some  characteristics  allied  to  those  of  the 
«  Ulster  Calp  type.'' 

The  upper  group,  or  the  Coal-measures,  has,  as  Lower 
Measures  in  East  Ulster,  some  five  hundred  to  seven  hundred 
feet  thickness  of  shale,  over  which,  in  the  Middle  Measures^  are- 
naceous rocks  predominate,  while  in  the  Upper  Measures  there  is 
a  mixture  of  arenaceous  and  argillaceous  rocks,  with  coal.  But  in 
North  Connaught,  and  the  adjoining  part  of  Ulster,  there  are  im- 
mediately above  the  upper  limestone  more  or  less  arenaceous  strata, 
and  above  these  shales,  and  these  combined  represent  the  Lower 
Measures.  Above  these  are  the  Middle  Measures^  which  are  for  the 
most  part  arenaceous,  but  having  in  them  workable  coals.  In 
Eastern  Ulster  (Tyrone),  although  the  strata  of  the  Coal-measures 
occur  in  a  very  similar  arrangement  to  those  of  Leinster  and 
Munster  fields ;  yet  in  the  Middle  Measures  there  are  valuaUL 
coals. 

At  the  present  time  the  Coal-measures  Sandstone  of  Ireland, 
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except  those  of  the  Fermanagh  series,  are  not  in  repute,  although, 
as  displayed  by  some  of  the  ancient  structures,  they  are  capable 
of  good  and  durable  work.  This  will  be  hereafter  mentioned  in 
connexion  with  the  respective  counties. 

In  the  West  Munster  Coal-fields  the  stones  are  nearly  inva* 
riably  hard  and  chippy,  and  although  they  can  be  dressed  on  the^ 
face  of  the  beds,  they  cannot  be  worked  across,  as  they  chip  and 
fly  at  the  edges.  In  places  they  produce  excellent  flags,  but  to- 
give  good  joints,  the  edges  of  them  generally  require  to  be  sawn, 
as  they  chip  on  the  face  if  dressed.  These  flags,  if  the  edges  are 
sawn  and  the  surface  planed,  make  a  beautiful  even  flooring.  In 
the  East  Munster  (Tipperary)  and  Leinster  Coal-fields  there  are 
some  good  stones  for  dressed  work,  as  hereafter  mentioned.  In  the 
Tyrone  or  Ulster  Coal-field  some  quarries  have  been  worked,  but 
the  stones  are  not  in  request,  as  better  can  be  procured  in  the  ad* 
joining  calp ;  while  in  Monaghan  and  Fermanagh  are  the  well- 
known  lisnaskea  stones;  and  in  the  Connaught  Coal-fikli> 
there  are  stones  said  to  be  good ;  but  as  they  are  very  inaccessible, 
and  far  from  any  market,  very  little  seems  to  be  known  about 
them.  Good  flags,  however,  have  been  sent  from  this  field  into 
the  market ;  at  one  time  extensively. 

[The  flag  trade  has  peculiar  features.  About  fifty  years  ago,  according  to  the 
records  left  by  Lewis,  the  footpaths  of  very  few  towns  were  flagged ;  but  just  at  that 
time  it  seemed  to  have  become  the  fashion,  and  the  different  towns  were  looldng  out 
for  places  in  which  to  procure  flags.  This  general  demand  caused  many  flag  quarries 
to  be  opened  up,  and  in  some  places  instituted  a  large  industry.  But  after  the  towns 
were  flagged  the  demand  decreased,  some  of  t^e  quarries  haying  been  scarcely 
worked  since,  while  in  those  places  where  a  trade  had  been  for  a  time  established^ 
it  has  since  died  out,  on  account  of  asphalt  being  now  more  generally  used  than  flags* 
However,  there  seems  to  be  a  slight  reaction  in  the  favour  of  flagging,  as  the  asphalt 
in  many  places  seems  to  be  getting  into  disrepute.  In  various  places  in  Ireland 
there  are  large  flag  quanies,  where  hundreds  of  hands  were  employed,  that  now 
are  quite  idle.  Belgium  sends  into  the  market  a  large  quantity  of  chimney-pieces, 
made  of  flag  very  like  that  of  our  Coal-measures ;  and  fifty  years  ago  a  large  trade 
in  somewhat  similar  work  was  carried  on  at  Killaloe,  Co.  Clare,  and  other  places,  tho 
Killaloe  chimney-pieces  <'  being  in  very  general  request.*'  Now  a  '*  Killaloe  chimney* 
piece  "  is  not  heard  of,  the  trade  having  totally  died  out ;  while  in  the  Moneypoint 
flag  quarry,  on  the  Lower  Shannon,  from  which  the  flags  came,  instead  of  hundreds  of 
workmen,  you  will  rarely  find  half  a  dozen.  Very  superior  work  of  this  class  used 
also  to  be  turned  out  from  quanies  near  Mountmellick,  Queen's  County,  lEuid  other 
places  hereafter  mentioned.  The  Belgians  do  their  work  "by  the  piece."  A  man  ia 
paid  so  much  for  the  job  ;  and  he,  his  wife,  and  his  children,  down  to  a  child  that  can 
acarcely  walk,  are  put  to  do  something,  at  which  they  work  early  and  late.    In  Ireland, 
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Lowerer,  such  things  are  nearly  inTariably  done  by  days'  woik,  in  limited  hours,  coq- 
aequently  in  one  case  the  work  can  be  done  much  cheaper  than  in  the  other,  and  the 
goods  sent  into  the  market  much  cheaper.  The  Belgian  chimney-pieoes  now  in  the 
market  are  enamelled,  which  was  not  the  case  with  the  Irish  chimney-pieoes  formerly 
in  the  market.  It  is  for  a  similar  reason — *'  cheap  labour'* — that  the  Belgian  red 
marbles  haye  cut  out,  in  the  English  markets,  the  '*  Irish  reds,"  although  the  latter 
are  superior.] 

PJUtMlAJr. 

In  a  few  places  there  are  conglomerates  and  sandstones  said  to 
be  of  this  age ;  but  in  some  places  those  supposed  to  be  Pemuan 
are  probably  Carboniferous^  and  in  others  probably  Triassic ;  they 
being  the  upper  beds  of  the  first,  and  the  lowest  bed  of  the  other. 


TBIA8SIC. 

The  sandstones,  or  Redfree^  as  they  are  generally  called,  are 
free-working  stones,  and  capable  of  producing  fine  work.  They, 
however,  except  in  a  few  places,  are  not  durable,  also  most  of  them 
are  liable  to  discolour ;  and  although  the  stones  may  be  selected 
with  great  care,  yet  nearly  always  some  will  become  unsightly, 
spoiling  the  general  effect ;  still  buildings  with  dressing  and  quoins 
of  these  sandstones,  and  walling  of  limestone,  or  even  basalt,  have 
an  effective  appearance.  Exceptions  to  these  general  characters 
are  the  stones  of  North  Down,  Scrabo,  and  Dundonald,  as  from 
these,  especially  the  latter,  stones  of  good  repute  are  procured. 
The  hard  texture  of  these  may  possibly  be  due  to  the  associated 
igneous  rocks. 


JURASSIC,   CRETACEOUS,  EOCENE,  ANB  DEIFT. 

In  the  groups  of  strata  later  than  the  Triassic  the  few  sand- 
stones  that  occur  are  of  little  account  for  building  purposes,  they 
nearly  invariably  being  too  frail  to  be  thus  used.  Some  of  the 
drift  sandstones  are  only  in  course  of  formation  at  the  present 
time,  sand  and  gravel  being  cemented  together  by  water  percolating 
through  them,  charged  with  carbonaceous,  silicious,  or  ferriferous 
matter. 
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SAND  ANB  GBAVEL. 

In  a  few  of  the  older  rock  groups  there  are  sands  that  occur 
«8  rotten  or  disintegrated  portions  of  beds  of  sandstones  or  other 
rocks.  These,  however,  are  comparatively  rare,  as  the  principal 
places  in  which  the  sand  and  the  gravels  are  found  are  as  portions 
or  beds  of  the  Drifts  Alluviuniy  and  Dilutium.  Under  the  latter  cir- 
cumstance they  often  occur  in  considerable  quantities;  in  some 
places  younger  drifts  being  made  up  nearly  altogether  of  them* 
They  have  been  used  in  the  manufacture  of  glass,  for  building 
purposes,  for  manure,  and  many  of  the  gravels  for  road  metal. 

The  coast  sands,  that  is,  those  found  in  the  tracts  and  dunes  of 
^olian  sand,  which  occupy  such  long  and  sometimes  wide  tracts 
in  places  round  the  coast-line,  seem  capable  of  being  made  much 
more  remunerative  than  they  are  at  present.  If  no  other  use  can 
be  found  for  them  they  ought  to  be  planted,  as  has  been  done  in 
•Gascony,  and  other  places  on  the  wild  coast  of  the  Bay  of  Biscay. 
Their  frail  nature,  and  tendency  to  travel,  has  given  them  a  bad 
name;  but  experience  in  France  proves  that  they  will  grow  fir 
timber  profitable  for  [turpentine  and  pitch;  while  after  the  woods 
are  established,  the  shedding  of  the  leaves  and  the  roots  of  the 
trees  fix  the  sand  so,  that  portions,  if  judiciously  cleared,  can  be 
converted  into  excellent  and  remunerative  tillage-land.  It  should, 
however,  be  mentioned,  that  in  Ireland,  in  a  few  places,  by  judiciouB 
management,  they  have  been  made  more  or  less  remunerative. 

Many  of  these  ^olian  sands,  especially  when  Calcareous,  ought 
to  be  extensively  used  as  manure.  Some  of  them  were  utilized  for 
this  purpose  formerly ;  but  of  late  years  nearly  all  are  ignored,  as 
the  artificial  manures  can  be  more  easily  procured,  although  even- 
tually at  a  much  greater  cost. 

There  are  other  sands,  also  gravels,  valuable  as  manure ;  these 
will  be  mentioned  in  their  respective  counties. 

For  the  ancient  bronze  castings  the  mould  in  general  seems 
to  have  been  cut  in  sandstone,  as  many  such  moulds  are  foimd  in 
the  old  settlements.  In  modem  times  they  are  generally  made  of 
4sand.  As  to  where  the  sand  used  for  these  moulds  in  the  different 
f oimdries  was  procured  we  can  give  very  little  information. 

Adjoining  the  Arklow  Chemical  Works  a  barricade  of  upright 
timbers  was  erected  to  prevent  the  mass  of  iEloHan  sand,  during 
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east  and  noith-east  gales,  from  drifting  and  blocking  up  the  quay 
and  entrance  to  the  works.  Through  the  fine  joints  of  the 
timbers  in  this  banicade  a  minute  silicious  sand  drifted,  and  this 
has  been  found  to  be  highly  valuable  for  use  with  the  saws  of  the 
marble  and  other  stone-cutters,  it  being  sent  to  Dublin  for  these^ 
purposes.  Ireland  seems  to  be  remarkably  deficient  in  '*  sharp- 
sand  "  suitable  for  stone-outting,  most  of  it  being  imported.  Here, 
therefore,  there  appears  to  be  a  suggestion  as  to  the  introduction 
of  a  new  industry;  for  in  different  places  along  these  Arklow 
.^Bolian  sands,  or  on  the  other  accumulations  of  silicious  sand  along 
the  south-east  coast,  similar  barricades  to  that  at  Arklow  might  be- 
erected,  and  the  fine  sand  drifted  through  them  sent  into  the 
market  to  meet  the  present  deficiency. 

Glass. — As  to  the  former  Glass  trade,  we  have  the  records  of  when 
it  was  established ;  but  in  most  cases  it  is  impossible  now  to  find 
out  where  the  sand  came  from.  In  some  cases,  howeyer,  we  know 
that  Irish  sands  were  used.  As  glass  beads  are  common  as  Irish 
^tiquities,  they  seem  to  suggest  that  in  old  times  our  sands,  in 
difFerent  places,  were  used  in  the  manufacture  of  glass. 

In  different  cases,  as  will  be  hereafter  seen,  the  qualifications 
of  a  stone  is  a  vexed  question ;  as  what  one  authority  approves, 
another  disapproves.  Where  the  opinions  are  conflicting,  the 
names  of  the  authorities  are  given.  In  many  oases  this  disagree- 
ment may  be  more  apparent  than  real,  as  in  most  quarries  there 
are  different  classes  of  stone — one  sent  to  one  market,  another  to 
another — so  that  the  opinions  expressed,  although  apparently  in 
reference  to  one  and  the  same  stone,  may  not  be  so.  Also,  in 
some  of  the  quarries  all  the  good  stone,  once  in  good  repute,  may 
be  now  exhausted.  Fifty  years  ago  all  the  builders  knew  the 
"  Slush  stone,'*  Co.  Fermanagh ;  while  if  you  ask  the  men  of  the 
present  day  their  opinion  of  it,  probably  they  never  heard  of  it, 
its  day  having  long  since  passed  away,  as  the  good  stone  in  it 
has  now  become  too  expensive  to  work  on  aocoimt  of  the  *'off 
baring." 

Necessarily,  in  a  Paper  of  this  kind,  some  of  the  statements 
may  require  modification,  or  other  correction ;  while  there  may  be 
quarries  left  out  of  the  lists  that  ought  to  have  been  mentioned. 
Such  omission,  however,  will,  as  far  as  possible,  be  oorreoted 
hereafter  in  an  Appendix. 
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The  desoriptions  are  given  in  the  oounties,  arranged  in  alpha- 
l)etical  order,  under  the  different  Qeologioal  groups,  as  adopted  in 
the  Table  of  Strata  in  the  Introduction  to  the  Paper  on  Metal 
Mining  [ante^  p.  204).  The  reoords  of  the  Sands  and  Ghravels  are 
not  as  full  as  they  ought  to  be  ;  but  on  these  subjects  it  is  hard  to 
get  satisfactory  information,  as  most  previous  writers  have,  in  a 
great  measure,  ignored  them,  except  in  general  description,  from 
which  very  few  details  can  be  learned. 

In  the  compiling  of  this  Paper,  as  in  the  previous  one  on 
"  Marbles  and  Limestones,"  I  have  necessarily  been  greatly  in- 
debted to  Wilkinson's  standard  work ;  and  of  all  stones  mentioned 
by  him  his  descriptions  are  given,  except  that  his  arrangement  is 
modified  to  suit  mine.  I  have  also  consulted  Lewis,  and  the 
Memoirs  of  the  Geological  Survey,  the  quotations  from  the  latter 
being  initialed  O.  8.  if.  But  the  information  from  Lewis  cannot 
be  specially  acknowledged,  it  being  too  general,  and  having  after- 
wards  to  be  verified.  I  have  also  received  valuable  information 
from  the  Officers  of  the  Board  of  Works,  through  Mr.  Commis- 
sioner S.  TJ.  Eoberts ;  some  of  the  County  Surveyors,  and  various 
private  individuals;  whose  aid,  when  possible,  has  been  acknow- 
ledged ;  but  in  many  cases  this  was  impossible,  as  the  same  in- 
formation was  received  from  different  sources,  or  the  different 
information  about  one  place  had  to  be  incorporated. 


COUNTY  HISTORIES. 


ANTsnc. 


Arbnio  (P)  or  Ordovician  (P). — To  the  north-east  of  the 
county,  principally  in  the  barony  of  Cary,  now  better  known  as 
the  Ballycastle  district,  is  a  considerable  tract  of  metamorphic 
xocks,  probably  the  equivalents  of  either  the  Ordovician  or  Arenig. 
Among  these  are  some  rocks  that  still  in  part  partake  of  the  nature 
of  grits  or  quartzyte,  but  none  of  them  are  eminently  suitable  for 
cut-stone  purposes. 

8CTBN.  rnOC.  Il.D.8.— TOL.  V.,  IT.  VXI.  2  0 
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SiLUUiAN. — ^On  the  east  coast,  in  the  neighbourhood  of  Cnshen- 
dun,  there  are  massive  oonglomerates  associated  in  places  with 
sandstones.  These  rocks  seem  evidently  to  be  a  portion  of  tbe 
littoral  or  shore  beds  of  the  Ulster  and  Connaught  Silurian  BasiUy 
heaved  northward  by  the  faults  of  the  Lough  Neagh  valley. 

In  places  some  of  the  oonglomerates  can  be  raised  in  blocb 
very  suitable  for  piers  and  other  rough  work,  while  some  of  the 
finer  beds  can  be  used  for  cut-stone  pui}>oses.  ^^  The  fine  beds  at 
Cave  House  were  at  one  time  largely  quarried,  and  shipped  to 
Belfast  for  building  purposes"  (<?.  S.  if.). 

Carboniferous.— Near  Benmore,  or  Fairhead,  is  a  small  tract 
of  Ulster-type  Calp,  where  there  were  some  workable  beds  of  coals, 
for  which  reason  it  is  commonly  known  as  the  Ballycastlb  Coal- 
field {see  Antrim f  "Metal  Mining,"  ante^  page  264).  Here  are 
some  stones  of  great  durability  ;  but  as  some  beds  are  better  than 
others,  they  should  be  selected  with  care  and  judgment.  The  best 
stones  are  whitish  or  creamy,  finely  granular,  nearly  entirely  siU- 
cious,  but  slightly  micaceous,  and  having  a  few  iron  spots.  Some 
beds,  although  otherwise  good,  are  liable  to  discolour. 

Bally  cry  Quarry. — Three  miles  from  Ballycastle,  where  there  is 
a  railway  station.  Wilkinson  thus  describes  the  stones :  ^^  Best 
stone  very  fine-grained  and  friable,  almost  entirely  8ilieioii»- 
grained,  slightly  micaceous,  and  with  a  few  iron  spots;  works 
easily  and  well.  In  selecting  the  stone,  blocks  showing  iron  spots 
should  be  rejected."  But  Mr.  Gray  says :  "  Irregular  in  texture, 
gritty,  and  in  many  beds  soft.  Carefully-selected  stones  stand 
exposure ;  but  as  a  rule  it  is  not  a  good  stone." 

In  colour  it  is  pink- white  or  creamy.  Of  the  latter  there 
are  two  kinds,  one  coarse-grained  and  very  strong,  admirably 
suited  for  bridges,  piers,  and  other  strong  work.  It  has  been  used 
for  many  of  the  bridges  in  the  Co.  Antrim,  including  the  via- 
duct, in  places  90  or  100  feet  high,  over  Glendun,  in  the  latter 
having  been  used  in  all  the  most  particular  and  trying  parts. 
This  viaduct  has  now  been  a  great  many  years  bmlt,  and  there  are 
not  the  slightest  symptoms  of  decay  in  any  of  the  Ballycastle 
stones  used  therein.  The  Ballycastle  bridge,  after  it  was  carried 
away,  was  rebuilt  in  1852  with  this  stone,  and  the  chisel  brushings 
are  now  nearly  quite  fresh.  Here  the  durability  of  the  stone  has 
been  considerably  tested,  as  during  spring-tides  they  are  wet,  and 
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et  other  times,  especially  during  the  heat  of  summer  or  in  frosty 
quite  dry.    These  tests  the  etone  has  stood  well. 

The  second  is  a  fine  stone,  taking  a  beautiful  edge,  and  suitable 
for  the  finest  work.  It  can  be  worked  on  any  surface,  where  it  is 
equally  durable,  as  it  does  not  require  to  be  laid  on  its  own  bed. 
The  spire  of  Ballycastle  Church,  built  in  1756,  is  of  this  stone, 
and  has  remained  perfect  ever  since.  It  was  also  used  for  dressing, 
facing,  and  other  purposes  at  Doon  Hill,  Co.  Londondeny,  built 
hy  Lord  Bristol,  then  bishop,  in  1783  to  1785,  and  the  cornices 
and  fine  work  are  still  quite  fresh.  In  Belfast  it  contrasts  favour- 
ably with  other  sandstones.  The  spire  of  the  Charitable  Institute, 
built  1774,  IB  of  this  stone,  and  also  the  portico  of  St.  George's 
Church.  The  latter  was  originally  in  Lord  Bristol's  palace  of 
Ballyscullion,  and  was  removed  to  Belfast  after  the  palace  was 
burnt  down.  These  have  shown  no  signs  of  decay,  while  English, 
Scotch,  and  other  stones  in  the  Belfast  structures  have  had  to  be 
painted  or  re-dressed.  This  stoue  was  also  used  for  the  dressings 
in  the  Ghrain  Market ;  and  in  Coleraine  for  the  inside  dressings 
in  the  church.  It  was  formerly  used  largely  for  Tombstones, 
but  at  present  only  a  little. 

In  Ballymena,  the  nearest  large  town,  it  is  not  now  used,  as 
the  Scotch  stones  are  cheaper.  The  Dungannon  stones,  Co.  Tyrone, 
are,  however,  still  cheaper,  costing  4«.  a  ton,  while  the  Scotch  is 
10s.  The  spire  and  dressings  of  the  west  church  are  of  the  Dun- 
cannon  stone,  while  it  is  also  generally  used  for  window-sills  and 
such  like.  The  quarries  about  Dungannon  yield  different  stones. 
From  Bloomhill  come  the  stones  most  used  and  preferred  in  Ball}'- 
mena ;  but  in  Belfast  they  prefer  the  Eanf urly  and  Carlan  stones. 
Fair  Head. — Eed.  Works  freely ;  durable  ;  used  throughout 
in  the  Ballycastle  Coastguard  Station.     («/".  Cockburn.) 

Triassic. — This  occurs  more  or  less  as  a  fringe,  margining 
the  later  rocks  to  the  eastward.  It  is  commonly  known  as  "  Eed 
Free."  This  sandstone  works  easily  and  finely,  but  almost  inva- 
riably it  is  very  friable  and  weathers  quickly.  Some  of  the  hardest 
stones  are  quamed  in  the  vicinity  of  Eed  Bay  and  at  Bank  Head, 
near  Lame.  There  are  also  various  quarries  in  the  valley  of  the 
Lagan. 

For  Belfast  the  "  Eed  Free"  is  usually  brought  from  Scrabo 
and  Dondonald,  Co.  Down,  where  the  stone  is  much  harder  and 
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better  than  in  the  Co.  Antrim.  The  principal  saodstones  used  in 
Belfast  are  given  under  Go.  Down. 

Grbtacsous. — In  phioee,  under  the  White  lameBbme  {Indurated 
Chalk)f  are  sandstones,  supposed  to  represent  the  English  Green- 
sand.  These  are  locally  known  as  mulatto  stones.  They  oo- 
oasionaUj  are  firm  enough  to  be  used  as  building  stones;  but 
in  general,  as  pointed  out  by  Wilkinson,  they  are  ^^  too  friaUe 
and  loose-groined  to  be  suitable  for  good  work."  Du  Noyer  has 
stated  that,  in  the  Gretaceoos  rooks  of  Golin  Glen,  there  are  some 
fine-grained,  thin-bedded  sandstones,  which  were  used  for  litho- 
graphic puiposes. 

Flints. — ^The  flints  in  the  White  Limestone,  as  mentioned  in 
the  Paper  on  '^Marblbs  akd  Limbstonbs''  {ante^  page  413),  were, 
in  prehistoric  times,  largely  used  for  the  manufacture  of  airow- 
heads  and  other  implements,  being  exported  into  the  neighbouring 
counties.  In  later  times  they  were  wrought  into  gun  flints.  80 
late  as  1840  there  was  a  large  export  of  flints  from  the  Whiterock 
quarries,  near  Dunluce,  to  supply  this  trade  and  the  Staffordshire 
potteries.  Since  then  flints  have  been  exported  from  Glenaim 
and  other  places  for  the  English  potteries  and  that  at  Belleek,  Go. 
Fermanagh  ;  while  the  Eglinton  Ghemical  Go.  grind  up  the  flints, 
and  from  the  powder  manufacture  silidous  bricks,  that  can  stand 
any  heat,  and  are  in  great  request  for  the  lining  of  steel  furnaces. 

Agates. — Some  of  the  flints  on  Bathlin  Island  are  ribanded,  and 
api>ear  capable  of  producing  beautiful  ^'  onyx"  and  "  sardonyx,"  if 
we  may  judge  from  the  specimens  in  the  Sdenoe  and  Art  Museom, 
Leinster  House,  Dublin.  As  is  well  known,  the  old  Greeks  and 
Bomans,  who  ranked  agates  high  among  their  precious  stones,  in* 
vented  a  method  of  staining  tiiem.  This  for  years  remained  a 
secret  with  the  Italians,  till  an  Italian  and  German,  at  one  and  the 
same  time,  both  agate  cutters,  got  into  trouble  in  Paris,  and  whiles 
in  prison  together  the  Italian  oummunicated  the  secret  to  the 
German.  Since  then  the  great  trades  in  agates  at  Oberstein  in 
Germany  has  sprung  up,  the  major  portion,  if  not  all,  the  rough 
agates  being  imported  from  the  La  Plata  Biver,  America,  the 
German  quarries  falling  into  disuse  after  the  American  cheaper 
supply  came  into  the  market. 

As  far  OS  we  can  learn,  there  seem  to  be  no  records  of  these 
Bathlin  agates  in  Leinster  House  as  to  whether  they  are  the 
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stones  as  found  in  situ  in  the  island^  or  if  rough  agates  that 
afterwards  were  stained.  In  the  Ballinascreen  Hills,  northward 
of  Draperstown,  Co.  Londondeny,  the  '' chalk  oonglomerate/' 
the  basal  bed  of  the  Eocene,  is  in  a  great  measure  made  up 
of  broken  flints,  that  were  baked .  by  the  subsequent  over- 
flow of  basalt.  In  all  the  naturally  stained  agates  I  have 
seen  the  colours  developed  are  shades  of  red,  they  being  of  the 
^  oamelian  "  type,  as  may  be  seen  in  the  flint  fragments  in  sitUy 
and  in  the  flint  implements  found  in  the  valley  of  the  Lower 
Bann,  Co.  Londonderry.  Symes  states  that  tbe  agates  of  this  class 
are  common  everywhere  in  the  North  of  Ireland,  where  the  basalt 
lies  direct  on  the  Eocene  basal  conglomerate,  that  is  the  rock  due 
to  the  breaking  up  and  re-arrangement  of  the  surface  of  the  lime- 
stone. He  suggests  that  the  staining  is  due  to  an  iron  solution, 
combined  with  the  baking  due  to  the  overflow  of  hot  basalt.  The 
process  must  be  more  or  less  allied  to  the  artificial  production  of 
'^  camelians ; "  but  as  the  natural  ones  are  more  opaque  than  the 
•artiflcial,  an  iron  solution,  as  suggested  by  Symes,  may  be  present. 
At  present  we  are  unable  to  say  if  the  Bathlin  ''  onyx  "  and  ^'  sar- 
donyx,'' as  seen  in  the  Science  and  Art  Museum,  Leinster  House, 
Dublin,  have  been  procured  in  situ^  or  if  they  were  afterwards 
artifically  stained.  The  stones,  however,  whether  naturally  or  arti- 
ficially stained,  give  such  good  results,  that  they  ought  to  be 
worth  looking  after;  not,  however,  for  a  trade  in  the  island  in 
cutting  and  polishing,  for  labour  is  so  cheap  in  Germany  that  it 
would  be  impossible  to  compete  therewith ;  but  the  raw  material 
might  be  exported  to  Germany,  as  it  is  at  the  present  time 
from  the  Biver  La  Plata. 

[In  the  "Gbolooy  op  India,"  Pt.  iii.,  pp.  50G,  &c.,  Ball  gives  an  interesting 
«nd  exhaustiye  account  of  agates,  and  how  the  colours  ai-e  produced.  Many  of  the 
raw  Indian  agatea  are  identical  with  those  from  Antrim,  while  their  origins  seem  to  ho 
Tery  similar,  hoth  heing  haked  hy  overflow  of  basalt.  Besides  being  used  for  orna- 
mental purposes,  they  are  largely  manufactured  into  burnishers.] 

Sand  and  Gravel. — As  a  subordinate  adjunct  of  the  flows 
of  Eocene  basalt,  Lewis  records  a  rough  tripoli  found  at  Agnew 
Hill. 

In  various  places  in  connexion  with  the  Drift,  the  alluvium  and 
the  diluvium,  are  sands  and  gravel.    In  the  drift  near  Ballycastle 
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there  are  yaloable  sands,  due  to  the  weathering  of  the  sandstones  of 
the  "  Ballyoastle  Coal-field  "  [Calp)^  mentioned  under  Griass  here- 
after. Bed  sand  suitable  for  foundry  purposes  is  procured  in  the 
valley  of  the  Lagan,  and  exported  from  Belfast. 

In  the  Talley  of  the  £ann  is  a  deposit  of  Diatomyte^  or 
'^  Diatomaceous  clay."  This,  although  properly  a  sand,  is  so  fine 
that  it  has  come  to  be  regarded  as  a  ''  clay/'  and  the  notloe  of  it 
in  this  and  other  counties  will  hereafter  be  given  in  a  subfiequent 
paper  on  ^'  Slates  and  Clays." 

For  mortar,  excellent  river-sand  is  procured  from  Lou^h  Neagh, 
near  Antrim.  Near  Lisbum  and  Ballymoney  there  is  piisand ; 
but  as  the  latter  is  mixed  with  clay  bands,  it  has  to  be  caref ullv 
raised.  At  Hollywood  there  is  good  sand;  at  Ballyoastle,  as 
already  mentioned,  there  is  also  good  sand ;  and  at  Lame  there  is 
sea-sand  on  the  beach. 

In  some  places  on  the  coast-line  there  are  ^olian  sands^  that  are^ 
carted  inland,  to  be  used  as  manure,  especially  on  peaty  soil.  At 
Bed  Bay  the  .^lolian  sands  bring  large  rents,  they  being  rented 
and  cultivated  by  the  inland  farmers  for  potatoes,  to  ohan^  the 
character  of  the  seed,  a  worn-out  stock  being  renovated  after  it  has 
been  grown  in  these  sands. 

Glass. — In  the  neighbourhood  of  Ballycastle  there  is  an  excel- 
lent sand,  due  to  the  weathering  and  washing  of  the  Carboniferous 
sandstone.  This  seems  to  have  induced  the  manufacture  of  glas^ 
at  a  very  early  period,  possibly  in  prehistoric  times  (see  ante, 
page  265).  Of  late  the  glass  trade  was  for  the  most  part  an  export 
of  bottles  to  Scotland.  It  declined  as  the  native  coal  increased  in 
price,  and  finally  died  out  when  the  glass-house  was  destroyed  by 
lightning  in  1850,  or  thereabouts. 


ABMAQH. 

A  considerable  portion  of  the  county  is  occupied  by  Ordovi- 
( lANs  ;  but  none  of  these  sandstones,  or  grits,  seem  to  be  favourably 
received  as  a  building  stone. 

To  the  north  of  the  county,  in  the  Blackwater  Valley,  are 
Cauboniferous  sandstones.  Some  of  these,  of  reddish  oolours, 
Avere  said  to  be  of  Permian  age ;  but  the  fossils  in  them  suggest 
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that  this  oannot  be  correct.  Some  of  these  sandstones  vill  dress 
fairly  well,  but  they  are  not  in  general  request. 

Orange.  North-north-east  of  Armagh. — ^A  free-working,  fine 
sandstone,  considered  to  be  inferior  to  the  '^  Dungannon  stones/' 
Co.  Tyrone,  and  those  of  lisnaskea,  Go.  Fermanagh.  It  was  used 
during  the  restoration  of  the  Armagh  Cathedral  in  1835  ;  but  for 
the  dressed  work  foreign  stones  were  used,  as  presently  mentioned- 

At  Armagh  there  are  conglomerates  that  are  said  to  be  Per- 
mians.  Possibly  they  may  be  of  that  age,  that  is,  the  ^'  Passage 
rocks,"  from  the  Carboniferous  to  the  Trias ;  but  it  seems  more 
probable  that  they  are  the  basal  beds  of  the  latter.  They  lie 
nearly  horizontal,  as  do  also  the  Carboniferous  rocks  below,  and 
the  Trias  rocks  above,  so  that  their  exact  age  is  hard  to  determine. 
These  formerly  were  rather  extensively  used  for  ordinary  building 
purposes,  and  some  beds  for  flagging  in  Armagh. 

Triassic. — ^Sandstones,  or  "  Red  Free,"  occurs  to  the  North  of 
the  county,  in  the  valley  of  the  Blackwater,  and  at  Armagh,  and 
Beem  formerly  to  have  been  utilised;  but  of  late  they  are  not  of 
repute.  Between  1840  and  1845,  when  repairing  the  Cathedral  at 
Armagh,  *^  English  reds "  were  used  for  the  carved  head,  while 
about  the  same  time  Scotch  stones  were  imported  for  Lord  Lurgan's 
new  house. 

In  the  vicinity  of  Armagh,  near  Bedbam,  at  the  bottom  of  the 
red  beds,  either  in  the  Trias  or  the  so-called  Permian,  is  a  Calcare- 
ous, hard,  red  breccia  that  has  been  used  for  flagging  in  Armagh. 

Sand  and  Gravel  occur  in  the  drift  alluvium  and  diluvium. 
Good  sharp  sands  for  building  purposes  are  found  on  the  shores  of 
Lough  Neagh,  near  Lurgan,  while  good  river-sand  occurs  about 
two  miles  from  Armagh. 

CABLOW. 

The  only  sandstones  and  grits  belong  to  the  Carboniferous. 
They  occur  in  the  Lower  Coal-measures  that  extend  from  Kil- 
kenny and  Queen's  County  into  the  western  portion  of  the  county. 
Although  not  now  in  request,  being  only  used  for  local  building 
purposes,  they  are  capable  of  fine  and  durable  work,  as  may  be 
seen  in  the  exquisitely  carved  and  beautiful  doorway  of  the  an- 
cient church  in  Killeshin  Glen.    The  principal  quarry  in  them  is 
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at  Kilhsfwiy  about  two  and  a-balf  miles  from  Carlow,  on  the  road 
to  Castleeomer.  The  stone  ooours  in  nearly  horizontal  beds,  from 
10  to  24  inches  in  thickness,  of  a  brownish-grey  colour,  dlidous, 
naturally  jointed,  and  easily  raised.  From  the  same  strata  are 
procured  the  so-called  ''Carlow  flags."  The  principal  quarries 
for  these  flags  are,  however,  in  the  Co.  Kilkenny,  as  is  afterwards 
mentioned. 

Sakd  and  Graysl. — Sand  is  found  in  the  alluvium  and  dilu- 
vium, while  the  upper  drift  {Esker  dHft)  above  the  boulder  day  or 
glacial  drift  is  nearly  altogether  gravels  and  sands.  These,  in 
places,  are  cemented  into  a  conglomerate  bed,  having  associated 
with  them  beds  of  brick  clay,  to  be  subsequently  mentioned  in  a 
Paper  on  Slates  and  days.  Good  pit^mnd  can  be  procured  in  all  the 
pits,  which  are  numerous  in  the  valley  of  the  Barrow,  but  perhiq^ 
more  in  the  Queen's  County  (west  of  the  river)  than  in  Carlow. 

There  is  a  large  extent  of  fgooA.  pit-sand  and  gravel  at  Carlow 
town,  about  the  railway  station,  and  along  the  roads  running  out 
at  that  side,  where  they  form  the  lower  stratum  of  the  allurial 
soil  for  a  considerable  distance. 


CAVAN. 

The  sandstones  belong  to  the  Ordovicion  and  the  Carboni- 
ferous. 

Ordovician. — These  rocks,  although  of  considerable  extent, 
contain  few  rocks  eminently  suitable  for  cut-stone  purposes.  Some, 
indeed,  work  fairly  well ;  but  as  good  limestone  or  sandstone  of  a 
later  age  are  conveniently  situated,  they  are  not  looked  after. 

Scrabhj.  North  of  Lough  Gowna ;  eight  miles  from  Qranard.— 
Brownish,  ferriferous,  slightly  calcareous;  works  fairly,  but  is 
liable  to  lose  its  colour. 

Carboniferous  {Lomr  Carboniferous,  or  Yellow  Sandstone].— 
In  this  group,  in  the  neighbourhood  of  Cavan,  there  are  some 
easily-worked  stones  of  a  yellowish-grey  colour,  that  have  been 
extensively  used  in  the  town. 

Latt  and  Ballyconnell  (Cavan). — ^Yellowish-grey,  silicious,  dur- 
able ;  works  freely.     Used  in  the  CuUen  College,  built  1871. 
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To  the  north-west  of  the  county,  in  the  Coal-measure  of  the 
duilcagh  and  Benbrack  Hills,  there  are  said  to  be  some  beds  of 
good  stones.  These,  however,  have  been  rarely  worked,  and,  for 
the  most  part,  are  unknown  on  account  of  their  backward  situa- 
tion, and  the  difficulty  and  expense  of  bringing  them  into  the 
market,  railway  charges  being  so  high.  They  were,  however,  once 
largely  wrought  into  millstones,  and  next  to  those  from  Drum- 
•downey,  in  Kilkenny,  were  highly  esteemed. 

Sand  and  Gravel. — Usually  these  are  scarce  in  the  county, 
especially  near  the  capital  town,  as  for  building  purposes  sand  has 
to  be  procured  from  a  considerable  distance.  At  Bailieborough 
there  is  a  red  pit-sandy  but  not  very  good. 


CLABE. 

Ordovicians  occur  in  the  mountain  groups  of  Slieve  Aughta 
^nd  Slieve  Bemagh.  In  these  are  grits  and  sandstones,  but  not  of 
much  account,  except  for  rough  work.  There  is  also  a  green  rock, 
full  of  little  round  bits  of  quartz,  from  the  size  of  shot  to  that  of 
X)ea8,  locally  called  "  Porphyry."  It  is  a  hard  massive  stone,  good 
for  heavy  work,  but  rises  in  unsightly  blocks. 

Carboniferous. — Margining  the  Ordovicians,  and  in  a  small 
outlying  exposure  between  Newmarket  and  Bunratty,  are  Lower 
Carboniferaus  Sandstones  [Uppei*  Old  Red).  The  stones  vary  much 
in  colour,  from  nearly  white  to  yellow,  reddish-yellow,  and  red  or 
purplish.  Good  stone  can  be  got  in  many  places ;  but  there  are 
80  many  good  and  large  surface-blocks,  that  only  a  few  quarries 
have  been  opened.  The  stones  in  the  hills,  about  ten  miles  from 
Scariff,  have  very  silicious  grains  in  a  felspathic  cement ;  they 
work  rather  easily,  but  wear  the  tools  rapidly. 

BaUyheigue.  Near  Scariff. — Yellowish,  gritty,  with  little 
oement ;  ferruginous  spots ;  not  difficult  to  work.  In  1842,  and 
following  years,  this  stone  was  extensively  used  in  the  works  for 
the  improvement  of  the  Shannon  at  Killaloe,  and  subsequently 
was  used  for  the  Workhouse,  Scariff;  but  in  Scariff  it  is  not 
much  used,  as  they  prefer  the  stones  procured  in  the  hills,  about 
ten  or  twelve  miles  distance. 

A  vein  of  excellent  stone,  equal  to  the  Tyrone  stone,  is  said  to 
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esist  Dear  Mount  Shannon,  at  the  bounds  of  the  Co.  Ghdway  and 
this  county. 

As  pointed  out  by  Wilkinson,  the  stonework  of  the  aoyouot 
Crypt  and  Cathedral  at  Xillaloe  attest  the  doralnlity  and  qualit}' 
of  the  sandstones  of  thai  neighbourhood. 

To  the  west  of  the  county,  in  the  Coal-nieasureSy  the  sandstones 
and  grits  are  usually  thin-bedded,  brownish,  and  bluish-grevs, 
close-grained,  and  compact.  They  are  very  good  for  general 
building  purposes,  being  very  durable,  and  having  flat  beds,  make 
very  strong,  good  work ;  otherwise,  they  are  not  much  used, 
being  expensive  to  quarry,  on  account  of  the  great  head  (over- 
boring)  of  drift.  They  are  also  difficult  to  dress,  and  for  cut- 
stone  purposes  limestone  is  generally  used  in  the  district. 

Enntstimon. — In  beds  or  layers,  from  2  to  8,  or  10  inches  thick. 
Dark-grey ;  dose  and  compact ;  veiy  silicious.  Makes  good  wall- 
ing.   Very  difficult  to  work. 

Crag.  One  mile  from  Kilrush. — ^Flags  like  those  at  Ifonej 
Point. 

Money  Point  (on  the  Shannon). — Flags  somewhat  like  the  Car- 
low  flags,  but  much  darker ;  rough  on  the  surface  from  tracb  of 
marine  worms  and  other  animals.  They  have  been  extensiyely 
quarried,  and  exported  to  different  places  along  the  coast  of  the 
south-west  counties.  Formerly  they  were  extensively  manufac- 
tured into  chimney-pieces,  at  the  Marble  Works,  Killaloe,  where 
there  was  machinery  for  cutting  them  and  planing  their  surfaces. 
At  one  time  the  Killaloe  chimney-pieces  were  well  known  in  the 
market,  and  the  Works  employed  a  large  staff  of  men,  women, 
and  children.  Some  thirty  years  ago,  however,  this  trade  seems 
to  have  died  out,  and  now  the  "  Killaloe  Marble  Works "  exist 
only  in  name. 

[The  hiBtorj  of  the  Killaloe  Marble  Woriu  I  have  not  been  able  to  unraTel.  Kil- 
laloe is  mo8t  faTOurably  situated,  haying  the  command  of  the  greater  water-power  in 
Ireland,  and  ought  to  be  one  of  the  great  centres  of  industry ;  but  for  some  reasons  all 
this  great  water-power  is  allowed  to  remain  idle.  Prior  to  1850,  the  Killaloe  Wcais 
were  a  great  source  of  employment,  not  only  in  the  town,  but  in  the  flag  quarries  on 
the  Lower  Shannon,  and  in  yarious  marUe  quarries,  principally  in  Counties  Tippenry 
and  Limerick.  All  of  these  quarries  seem  to  have  failed  when  the  Killaloe  Works 
ceased.] 

Sand  and  Gravel. — ^Veiy  superior  crystalline  sand  is  found  on 
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the  shores  of  Looghs  Gxaney  and  Coutra.  The  former  were  exten- 
sively used  for  the  mannfaoture  of  scythe  boards,  the  sands  being 
carried  for  that  purpose  into  the  neighbouring  counties,  as  boards 
made  from  them  were  considered  far  superior  to  those  made  from 
English  sands.  This  sand  is  the  detritus  from  the  Lower  Carboni- 
ferous sandstone,  in  which  there  are  beds  that  were  formerly  wrought 
by  hand  into  scythe  stones.  These  were  carried  by  hawkers,  and  sold 
to  the  traders  in  Ennis,  Limerick,  Nenagh,  &o.,  or  at  the  different 
markets  and  fairs  in  the  neighbouring  portions  of  Connaught, 
Munster,  and  Leinster.  Before  the  ^'bad  times"  in  1848  and 
subsequent  years,  very  few  mowers  along  the  Shannon  and  its 
tributaries  used  any  but  "  Clare  stones"  and  "  Clare  boards;"  but 
during  that  time  the  making  of  them  ceased,  and  English  and 
Scotch  stones  had  to  be  used.  A  few  of  the  makers  who  survived 
the  famine  attempted  to  revive  the  trade,  and  in  1860  there  were 
a  few  families  in  Glenomera  and  Glendree,  near  Feakle,  working 
at  them.  The  foreign  stones,  however,  held  their  own,  as  they 
could  be  sold  much  cheaper ;  also  they  suited  the  scythes  then  in 
the  market,  as  those  imported  are  much  softer  than  those  previously 
made  in  the  country,  the  former  wearing  out  much  quicker  than 
the  latter.  Fifty  years  ago  a  mower  on  the  Callow,  along  the 
Shannon,  would  have  a  scythe  to  last  him  two  or  three  seasons ; 
now  the  imported  scythes  never  last  more  than  one.  The  cheap 
scythes  retard  the  work  considerably,  as  the  mowers  have  to  stop 
BO  often  to  whet  their  scythes. 

[As  pointed  out  in  the  Paper  on  *'  Metal  Mining  "  {autey  page  306),  the  Iiish  iron 
was  much  superior  to  that  now  in  use.  There  are  not  now,  as  far  as  I  can  learn,  any 
authentic  records  as  to  the  quality  of  the  steel,  except  the  traditions  of  certain  smiths 
who  could  make  a  scythe  that  would  ''cut  wool  floating  on  water,"  or  a  scythe  that 
Kad  not  to  he  whetted  for  an  entire  day.  Such  legends  ai-u  still  to  he  heard  in  the 
neighbourhood  of  the  Shannon  and  elsewhere.] 

In  the  barony  of  Burren  sand  and  gravel  are  scarce,  being 
nowhere  in  abundance.  In  the  neighbourhood  of  Ennis  there  is 
£^ood  pit'Sand ;  three  miles  from  Scariff  there  is  good  river-sand ; 
^while  at  Lahinch  and  Kilrush  there  is  good  sea-sand. 

In  places  along  the  coast-line  there  are  duns  or  accumulations 
of  kalian  sandy  and  in  the  estuary  of  the  Shannon  manure  or  shell 
sandy  formerly  extensively  utilized. 
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COKK. 

In  this  oounty  sandstones  and  grits  are  the  prindpal  rocks, 
tlieybmng  of  SUmrian^  Detonkntf  and  CarbontfefVu$  ages.  (See  note 
on  OU  Bed  Sambiane^  under  Kerry,  page  568.) 

SiLURiAX  AND  Dbtokiax. — ^Tho  rocks  of  the  hilloountiy  to  the 
north  and  west  of  the  area  nearly  all  belong  to  one  of  these  divi- 
sions, Carboniferons  rocks  only  being  found  in  portions  of  the  Tsllej. 
The  Silurians  {QUngariff  griU)  and  Devonians  {Lotcer  OU  Bed 
&9md4tonfx"  are  locally  called  '^ brown  stone"  and  "red  stone" 
irhile  the  Carboniferous  sandstones  (Fe//orr  9audstane9  and  Coomhook 
f;nU)  are  known  as  ^  grey  stone." 

In  numerous  places  in  the  Silurian  and  Devonian  excellent 
and  durable  stones  for  tool-work  could  be  procured,  as  is  exhibited 
in  the  various  ancient  buildings,  limestone,  however,  is  now 
generally  used  for  dressings  and  other  cut-stone  purposes.  This, 
in  a  great  measure,  seems  to  be  due  to  the  architects  and  workmen, 
who  have  learned  and  live  in  the  cities  where  limestone  is  used, 
objecting  now  to  use  the  sandstone ;  the  workmen  especially,  as 
sandstones  are  much  harder  on  their  tools  than  limestones.  Lime- 
stone, however,  in  early  times,  in  places  superseded  the  sandstone, 
as  at  Cloyne,  where  the  sandstone  in  the  Bound  Tower  was  pro- 
cured between  its  site  and  the  shore;  while  the  other  ancient 
structures,  but  more  recently  built,  are  of  limestone  brought  from 
41  distance. 

The  Bound  Tower  of  Cloyne,  just  mentioned,  displays  the 
•excellent  qualities  and  durability  of  the  stone  of  the  neighbour- 
hood. It  is  of  a  light,  brownish-coloured  sandstone,  the  woik 
being  good,  especially  round  the  doorway.  Of  the  work  Wilkinson 
states  that  the  stones  are  notched  one  into  the  other  in  a  peculiar 
manner ;  also  that  their  state  of  preservation  shows  the  durability 
«>nd  sound  quality  of  the  material. 

From  the  list  given  (page  545)  and  descriptions,  for  which  I 
xan.  indebted  to  Mr.  Williams  of  the  Board  of  Works,  it  would 
Appear  that  some  of  the  South-west  •Cork  sandstones  are  well 
worthy  of  more  attention  than  they  now  receive. 

Sherkin  Islandy  off  Baltimore  Harbour. — The  stone,  when  first 
raised,  is  greyish;  then  it  becomes  tinged  with  green,  probably 
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due  to  minute  particles  of  grey  copper.  It  afterwards  loses  the 
greenish  tinge,  but  never  returns  to  its  primitive  colour.  It  has 
been  extensively  used  in  Skibbereen,  where  it  displays  good  work^ 
especially  in  the  Boman  Catholic  church ;  while  its  durability  is 
tested  in  the  older  buildings.  This  vein  of  stone  is  of  considerablo 
extent,  being  found  to  the  westward  in  Clear  Island,  and  eastward 
on  the  main  to  the  south  and  south-east  of  Baltimore  Harbour. 

Sorae  Island. — A  loose,  friable,  brown  freestone,  which  has> 
been  extensively  quarried. 

2)reimr(ma,  six  miles  from  Skibbereen. — Ghreemsh;  hard;  semi- 
vitreous,  with  calcareous  patches ;  cuts  and  dresses  well.  This  is  a 
superior  stone  to  those  on  Sherkin ;  but  the  quarry  is  very  inacces- 
sible. 

Olandore. — ^A  good  greenish  grit,  formerly  much  used.  In  the 
ruins  of  Ballymoney  Castle  its  durability  is  tested.  It  was  also 
used  in  Kilcoleman  House,  four  miles  from  Bandon. 

The  quoins  and  chimney  shafts  at  Aughadown  House,  in  the 
east  division  of  the  barony  of  West  Carbery,  are  good  examples 
of  the  stones  of  the  neighbourhood. 

Knockarowra  and  Cloghlucasy  near  Mallow. — Brownish-grey ; 
slightly  argillaceous ;  suitable  for  plain  work. 

Rahan  Mountain^  four  miles  from  Mallow. — Beddish;  ferru- 
ginous ;  fine-grained.    A  superior  stone  to  those  nearer  Mallow. 

Qiiarri/  Mountain^  near  Mallow. — Eeddish;  silicious,  but 
slightly  calcareous ;  semi-crystalline. 

Mountain  between  Mallow  and  Kanturk.  —  Dark-bro^vn ; 
quartzose;  semi- vitreous ;  hard. 

Knightfieldy  three  miles  south-east  of  Banteer  Bailway  Station 
(commonly  known  as  the  "Kanturk  Quarry"). — Used  for  the 
quoins  and  sills  of  the  Lismore  school,  six  miles  from  Kanturk. 

[The  foUowing  ti^o  localities  in  the  Knockmealdown  range  may  be  in  the  "  Yelloir 
Sandstone/'] 

Killemera,  near  Glanworth. — A  nice  sandstone  for  walling 
purposes. 

Araglin^  north-east  of  Fermoy.— Gbit  stone ;  gives  well-shaped, 
superior  paving  setts. 

Two  miles  south  of  Fermoy  is  a  very  good  variegated  stone, 
that  cuts  and  dresses  well.    It  was  much  used  formerly,  but  after- 
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wmids  was  in  a  great  measure  saperaeded  by  limestone.  Bishop's 
Wood,  near  Feimoy,  supplies  flags. 

Glmumirt  Romd^  Coik. — ^A  deep-red,  fine-grained  stone. 

Ttmplfymllj  or  Wkiteckmreh^  seven  miles  north-west  of  CbrL^ 
Good  building  stcNies  and  flags. 

TovgftaL — ^A  red  stone,  lighter  in  colour  than  the  Cork  stone. 

In  places  there  is  a  conglomerate  (trappean),  which  can  be 
worked  into  good  square  Uocks,  best  suited  for  heavy  work,  such  as 
bridges,  foundation  waUs,  and  the  like. 

CAKBOKTFEKors. — ^lu  this  formation  there  are  sandstones  and 
grits  at  the  base  (  Teiiow  SaadstoHe) ;  and  higher  up  in  the  Carbonife- 
ixi4  Suiif^  at  different  horizons,  are  the  Coomhoola  grits.  In  places 
many  good  stones  could  be  procured,  but  they  are  not  much  sought 
after,  being  hard  and  silioious,  and  quickly  wearing  the  workman's 
tools. 

A  good  freestone  has  been  worked  on  Horse  Island ;  also  near 
Castletownsend ;  while,  in  the  Devonshire  property,  near  Bandon, 
and  in  the  Herrick  estate,  Innishannon,  there  are  extensiye 
quarries. 

In  the  parish  of  Brinny,  north-east  of  Bandon,  are  flags  of  ex- 
cellent quality,  and  in  Salbrogan  there  is  freestone  that  has  been 
extensively  used  in  Bandon. 

A  little  north  of  Cork,  on  the  north  of  the  Eiver  Lee,  the  stones 
in  the  quarries  vary.  They  are  thus  described  by  Wilkinson : — 
Yellowish- white,  dose,  compact  quartzy  grains,  with  felspathic 
cement,  and  semi- vitreous ;  also,  green,  silicious,  dose,  dense,  very 
<x)mpaot,  but  with  numerous  fissures  and  bedded  portions,  the 
latter  causing  the  stone  to  fail. 

Belleriew  Qmrrff.  Near  Cork. — ^A  good  and  free-working 
stone ;  but  the  workmen  prefer  the  limestone,  to  which  they  are 
accustomed. 

Coolconing.  Two  and  a-half  miles  north  of  Kinsale.  — ^Yellowish, 
brown,  and  discoloured,  silicious,  open,  small  imbedded  particles  of 
slate ;  cuts  fairly  well. 

ShippooL  Kinsale. — ^Yellow-shaded  green ;  semi-granular  and 
quartzose ;  slightly  calcareous. 

BallymarteL  Kinsale. — Stones  varying;  best,  yellow,  fine- 
grained, compact,  but  slightly  micaceous. 

Coal-measures  [Ballinaquila.  South-west  of  Dromina). — A 
quarry  of  good  flags,  and  quarries  of  sandstone. 
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LISTS  AND  NOTES  BY  A.  S.  WILLIAMS,  BOARD  OF  WORKS- 

(The  localities  are  in  the  Jkvonian  and  Carhonifirout.) 

Baltimore,    Hill  back  of  Coast-guard  Statiou. — 

Ldght-grey.  National  Bohool  and  residence.  Fit  for 
any  description  of  work,  and  improves  on  exposure.  Has 
been  used  in  some  of  tHe  ancient  structures  near  this  place. 
( Vide  page  542.  Stones  of  Sherkin  Island  and  the  main- 
land to  the  eastward.) 

BaUyalley.    Seven  miles  from  Skibbereen. — 

Grey  grit.  Coast-guard  Station.  This  stone,  if  ob- 
tained at  a  reasonable  depth  from  the  surface,  is  fit  almost 
for  any  sort  of  work. 

Rosscarhery.    The  Beamish  quarries,  west  of  the  town. — 

Brownish  and  yellowish.  National  Schools,  Bosscar- 
bery.  Good  stone  for  ordinary  work,  and,  if  selected,  fit 
for  dressings.     Can  be  raised  in  very  large  scantling. 

Union  Hall. — 

Blue  argillaceous  and  slaty  grit;  very  hard.  Union 
Hall  and  Glebe.     Only  suitable  for  rubble  and  walling. 

Ballydonegan.     Twelve  miles  west  of  Bearhaven. — 

Brownish.  Coast-guard  Station.  Stone  hardens  on 
exposure.     Is  fit  for  any  description  of  work. 

Lehanemore.    Sixteen  miles  westward  of  Bearhaven. — 

Grey  grit.  National  Schools.  Only  used  in  rubble 
and  walling.     Very  durable,  but  not  fit  for  chiselling. 

Derrincorrin.    Seventeen  miles  north-westward  of  Bantry. — 

Brown.  National  Schools.  Can  be  raised  in  fair- 
sized  blocks.  Yery  durable,  but  not  Euitable  for  dressed  or 
chiselled  work. 
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Dromore.    Eight  miles  westward  of  Drimoleague. — 

Grey  grit.  National  Schools.  Suitable  for  buildings 
or  can  be  raised  in  large  dimensions,  suitable  for  flagging. 
Can  be  dressed  for  quoins,  and  improves  on  exposure. 

Dunnycove  Bay.    South  of  Clonakilty. — 

liver  coloured.  Ardfield  National  School,  six  miles 
from  Clonakilty.  Used  in  walling  and  rubble,  window 
and  door-sills  of  limestone,  which  is  iisual  in  this  neigh* 
bourhood. 

Titmleagtte, — 

Blueish,  flaggy  grit.  National  School,  Timoleague. 
Never  used  except  in  dressing  for  opes  and  sills.  It  is 
easily  raised  in  blocks  of  large  scantling ;  well  suited  for 
piers  or  other  harbour  works. 

Borleigh.    Eight  miles  from  Bandon. — 

Gh*ey  to  brownish  sandstone.  School  and  residence^ 
Borleigh.  This  quarry  is  historical,  the  stone  having  been 
used  in  the  Timoleague  Abbey  and  other  ancient  strac* 
tures. 

Eahavoon.     Six  miles  from  Bandon. — 

Brown.    National  Schools.    Very  hard  ferriferous  vein; 
only  fit  for  walling. 

Milktreet. — 

Beddish-yellow.  Millstreet  Dispensary.  A  superior 
building  stone,  suitable  for  any  description  of  out-ston^ 
purposes ;  largely  used  in  church  work. 

Bromagh. — 

Grey  grit  (Coal-measures  P).  Dromagh  Glebe.  An  ex- 
cellent stone,  suitable  for  all  dressed  work  of  small  scantling,, 
as  it  cannot  be  obtained  in  large  dimensions. 

Li^more.     Six  miles  from  Kanturk. — 

Brown.  National  School  and  residence.  Hard  stone ; 
similar  stone  very  common  in  the  county,  and  used  for 
walling  nnd  rubble,  the  quoins  and  sills  being  procured 
from  the  Kanturk  and  Kcelin  quarries. 
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Boherbwe.    Eight  xnilee  from  Eaaturk.— 

Brown.  Dispensary.  Stone  similar  to  that  at  lis- 
more.    Dressings  from  Elantnrk  and  Keelin  quarries. 

Inchageela.    Quarries  in  adjoining  hills. — 

Qrey  and  greenish;  flaggy.  Inohageela  National 
School  and  Kilmichael  (Tareton)  Glehe.  Stone  hard ;  with 
difficulty  can  he  chiselled,  hut  is  not  fit  for  dressing. 

Sand  and  Gravel. — Gtood  sand  for  building  purposes  is  pro- 
ourable  in  yarious  places  in  the  different  yalleys.  Pit  sand  occurs 
in  the  neighbourhood  of  Cork  and  Macroom ;  while  good  river  sand 
is  obtained  fiye  miles  from  Bantiy,  in  the  Biyer  Snaye ;  in  the 
Liee,  three  miles  from  Cork ;  in  yarious  places  along  the  Bandon 
xiyer  and  the  Blackwater ;  in  the  Islin  riyer,  near  Skibbereen ; 
and  in  yarious  streams.  In  numerous  places  along  the  coast  there 
is  good  sea  sand. 

In  Bantry  and  the  neighbouring  bays  there  are  accumulations 
of  rich  shell  sandf  or  rather  coralline  sand.  Before  1848  there  was  a 
large  trade  in  these  sands  for  agricultural  purposes,  it  supporting 
a  large  fleet  of  boats,  which  dredged  the  sand,  and  brought  it  into 
Bantry  and  the  other  quays,  from  whence  it  was  carted  inland, 
eyen  oyer  the  hills  into  the  Co.  Limerick.  At  the  same  time  there 
was  also  a  fleet  of  35-ton  lighters  at  Youghal,  engaged  in  similar 
€hell  sand  dredging. 

Good  pit  sand  occurs  about  a  mile  from  the  Blarney  Railway 
Station.    It  is  yery  generally  used  in  the  Co.  Cork. 

Near  Mitchelstown,  on  the  Kingston  estate,  is  excellent  pit 
9and;  also  river  sand  in  the  Biyer  Puncheon. 

Near  Glanworth,  at  Dunmahon,  yery  superior  pit  sand  occurs 
on  Mr.  Dilworth's  farm. 

At  Ballydonegan  Bay  there  is  a  peculiar  sand,  due  to  the 
omshing  of  the  copper  ore.  Previous  to  the  Allihies  mines  being 
worked,  there  was  no  holding-ground  for  anchors  in  the  bay,  and 
at  the  mouth  of  the  river  there  was  a  gravelly  beach.  Now  there 
is  good  holding-ground  in  the  bay  and  a  sandy  beach. 

For  moulding  purposes  in  the  foundries  the  sand  is  principally 
procured  from  Belfast  (valley  of  the  Lagan) ;  but  some  of  an  infe- 
rior quality  is  got  in  the  neighbourhood  of  Bishopstown. 
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Glass. — In  Cork  there  were  two  large  glass-houses  for  the 
manufacture  of  flint-glass,  with  extensLve  premises  for  cutting, 
engraving,  £0.,  attached  to  each.  One  ceased  to  exist  about  1835, 
and  the  other  before  1840.  The  sand  used  seems  to  have  been 
imported. 

DOKEaAIi* 

For  the  most  part  this  county  is  occupied  by  granitic,  gneiasoee, 
and  schistose  rocks.  These,  from  recent  researches,  are  known  to 
belong  to  two  distinct  geological  groups,  the  older  probably  repre- 
senting rocks  equiyalent  to  the  Cambrian  and  the  Arenig,  while 
the  later  represent  the  Qrdovician  and  perhaps,  in  part,  the  Uan- 
doYery  or  May  Hill  Sandstone.  On  these  older  rocks,  in  places, 
such  as  at  Ballymastocker  Bay,  Fanad ;  Muff,  Lough  Foyle ;  along 
the  mealing  of  the  Go.  Fermanagh,  to  the  northward  of  Pettigoe ; 
and  in  the  neighbourhoods  of  EiUybeg,  Donegal,  and  Bally- 
shannon,  there  are  Carboniferous  rocks  of  greater  or  leas  extent, 
that  in  Fanad  being  a  mere  patch. 

Cambrian  and  Arbnig. — ^The  sandstones,  grits,  and  quaitB- 
rocks  which  occur  in  the  strata  supposed  to  represent  these  geological 
groups  are  now  all  more  or  less  altered  into  quartzytes,  gneiaa, 
and  foliated  granite.  But  some  of  the  quartzytes,  especially  some 
of  those  in  the  gneiss  and  foliated  granite,  are  even-bedded,  and, 
when  also  regularly  jointed,  they  are  excellent  material  for  walk 
and  such  like ;  but  they  will  not  bear  dressing.  Many  of  the 
altered  quartz-rooks  are  splintery.  In  places,  however,  they  are 
massive,  and  capable  of  being  raised  in  large  blocks ;  and,  under 
such  circumstances,  they  are  more  or  less  suitable  for  foundations, 
sea  walls,  and  other  heavy  work. 

Obdovigian  and  Llandoveby  (P). — ^The  sandstones  and  quarfx- 
rocks  which  are  supposed  to  belong  to  the  rocks  equivalent  to  some 
of  these  groups  are,  in  a  great  measure,  altered  into  quartzyte. 
Some,  however,  are  unaltered  or  very  little  altered,  as  sandstones 
occur  in  the  Bathmullen  district,  between  the  ridge  called  fbe 
Devil's  Backbone  and  Lough  Swilly;  also  in  the  barony  of 
Baphoe,  south  of  Lough  and  Glen  Swilly.  In  the  Bathmullen 
district  some  of  these  stones  dress  fairly  well,  but  are  liable  to 
discolour.  Those  in  Creeve  Mountain,  about  three  miles  norih- 
•  See«Noteiadd«dmtliePte88." 
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west  of  Bathmullen,  haye  been  used  for  facing  in  Bamelton* 
In  the  valley  about  a  mile  south  of  Greeve  Mountain,  in  the 
townland  of  Oughterlinn,  there  are  flags ;  these  are  good,  hard, 
and  silicious,  and  can  be  raised  of  large  dimensions — 12  feet  long 
by  a  width  of  4  to  6  feet.  They  have  beenusedin  Bamelton;  but 
the  plaoe  is  veiy  inaooessible,  the  road  being  vezy  bad.  To  the 
north  of  Bathmullen,  in  places  near  Lough  Swilly,  there  are  also 
flags  that  have  been  worked  for  loeal  purposes,  especially  in  the 
neighbourhood  of  Long  Lough. 

In  the  quartzyte  range  of  Enookalla  some  of  the  quartzytes 
are  thin-bedded.  They  are  silicious  and  hard,  and  appear  as  if 
they  oould  be  raised  in  marketable  sizes.  These,  as  yet,  have  not 
been  opened  on ;  but,  if  they  could  be  obtained  of  suffici^it  sizes, 
they  should  be  valuable.  Up  to  the  present  the  place  has  been 
very  inaccessible ;  but  as  a  pier  has  been  erected  in  Ballymastockan 
Bay,  at  Croaghros,  they  are  now  near  a  port.  At  the  opposite 
side  of  Lough  Swilly,  in  Dysertegney,  Inishowen,  these  beds  are 
worked,  and  produce  good  flags,  that  ought  to  be  more  utilized 
than  at  present. 

There  are  also  veins  of  more  or  less  similar  flags  in  the  north 
of  the  county,  near  Crossroad  and  Dunfanaghy,  which  are  locally 
used. 

[The  age  ol  the  rocks  in  the  north  of  Donegal  is  still  nndetennined.  For  some 
reasons  they  might  be  supposed  to  belong  to  the  later  groups,  while  there  are  also 
reasons  for  supposing  they  are  portions  of  the  older.  The  geology,  however,  here- 
abouts is  so  complicated,  the  younger  and  older  strata  being  folded  in  sharp  inverted 
^uryes,  that  it  is  quite  possible  that  their  exact  age  will  never  be  satisfactorily  known.] 

In  the  barony  of  Baphoe  none  of  the  sandstones  have  been 
4Considered  specially  suitable  for  cut-stone  purposes,  although  they 
.are  very  useful  for  walls.  Those  which  can  be  raised  in  large  blocks 
Bie  good  for  coarse  and  heavy  work,  such  as  foundations  and  the 
like.  In  a  few  quarries,  however,  the  stones  have  been  used  for 
-dressed  work,  and  they  cut  fairly  well.  They,  however,  are  liable 
to  disoolour. 

Muckish.  Three  miles  from  Dunfanaghy. — Quartzyte;  open 
and  porous ;  pure  white ;  semi-orystalluie ;  slightly  foliated ;  very 
«lightly  calcareous. 

Einclevin.  Nearly  a  mile  from  Dunfanaghy. — ^White  quartzyte. 
^th  minute  divisions  of  mica. 

2F2 
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Errarooey.  Near  Groflsroads. — Yellowiah ;  improveB  in  oolour  oai 
expotuie ;  mlioioiifl ;  durable ;  free-working ;  oan  be  plugged,  and 
hammers  well ;  can  be  laiaed  in  long  ecanUing,  and  is  capable  of 
long  bearings ;  was  used  in  the  f  oundjations  and  ooping-stones  of 
Hyra  Bridge  and  in  the  Boman  Catholic  Church  and  School-house^ 
GiXMasroads.    The  vein  extends  eastward  and  westward. 

Minnagran.  Seyen  miles  from  Glenties. — ^Here  the  rooks  are 
Terj  much  altered,  and  appear  to  be  more  of  a  gneiss  than  a 
quartzyte.  The  stone  is  used  for  dressed  work,  and  in  the  vicinity 
it  is  csdled  "  millstone." 

At  Carrick,  eight  miles  northward  of  Milf  ord,  and  in  places  to 
the  westward,  there  is  a  reddish,  porous  quartzyte,  that  squares 
fairly  well,  but  will  not  cut.  It  is  a  good  building  stone,  and 
was  largely  used  in  the  building  of  Manorvaughan,  or  Mulroy 
House.  It  keeps  its  colour,  and  has  a  good  effect.  Locally  it 
is  called  "  red  granite." 

KiUyelug.  North  of  the  Letterkenny  Waterworks. — Qnartaoe& 
sandstone ;  rises  in  long  massive  flags ;  capable  of  long  bearings; 
good  for  rough  building,  such  as  lintel  and  posts  in  farm  buildings. 

Carboniferous.  —  In  the  already  mentioned  Carboniferous 
outlier  at  Ballymastoker  Bay,  Fanad,  there  are  red  conglomerate 
and  sandstones.  The  first  were  formerly  used,  to  a  small  extent, 
to  be  wrought  into  flax-crushers,  while  the  sandstones  were  used 
for  local  purposes. 

In  the  parish  of  Muff,  on  the  west  of  Lough  Foyle,  and  to  the 
north  of  Deny,  the  rooks  consist  principally  of  reddish  sandstones 
and  conglomerates,  which  are  used  for  local  purposes. 

To  the  south-east  of  the  county,  margining  the  Co.  Fermanagh^ 
that  is,  northward  of  Pettigoe,  there  are  in  places  stones  of  yellov- 
^-groy  shades.  At  Lettercranfiy  about  three  miles  from  Pettigoe* 
were  procured  the  stones  for  the  stations  on  the  Enniskillon  and 
Bundoran  Bailway. 

In  this  tract  some  of  the  stones  are  specially  suited  for  flax- 
crushers  and  millstones,  and  forty  or  fifty  years  ago  many  wen 
made. 

In  the  Carboniferous  rocks,  near  Donegal  and  BallyBhannoOt 
some  of  the  sandstones  are  of  good  characters.  They  are  from 
pale  cream-colour  and  nearly  white  to  reddish  and  purplish ;  from 
very  fine  to  coarse  conglomerates.     Formerly  from  this   county 
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there  was  a  large  trade  in  flax-crusherSy  they  being  sent  on  carts 
into  thiB  other  portions  of  Donegal  and  the  neighbouring  ooun* 
ties,  or  shipped  from  Donegal  town  to  different  places  along  the 
coast-line. 

This  trade  seems  to  haye  been  very  short-lived.  Formerly 
flax  was  kiln-dried,  the  old  disused  kilns  being  scattered  over  the 
county.  In  general,  the  inhabitants  cannot  tell  you  what  they 
were  for ;  a  few,  however,  state  that  in  their  grandfather's  time, 
some  sixty  or  seventy  years  ago,  before  the  stone-crushers  were 
invented,  all  the  flax  was  **  beetled,"  that  is,  crushed  by  hand 
with  wooden  beetles,  and,  before  doing  so,  it  had  to  be  kiln-dried. 
The  kiln-drying  ceased  when  the  crushers  came  into  fashion ;  and 
the  trade  in  the  latter  appears  to  have  died  out  some  ten  or  fifteen 
years  ago,  partly  on  account  of  the  failure  in  the  flax  crops, 
partly  because  mills  were  erected  in  which  the  flax  was  crushed, 
and  partly  because,  by  some  of  the  new  modes  of  obtaining  the 
fibre,  the  flax  does  not  require  to  be  crushed,  but  is  sold  in  the 
unbroken  state.  The  unsold  flax-crushers  are  to  be  seen  every- 
where about  the  town  of  Donegal ;  lying  in  heaps,  as  if  some 
giants  had  been  playing  a  game  of  quoits.  They  are  now  put  to 
innumerable  uses. 

The  stones  near  Mount  Charks  have  lately  been  greatly  brought 
into  notice  by  the  Drumkeelan  stone  being  selected  for  the  new 
Museum  and  Library,  Leinster  House,  Dublin.  Wilkinson,  in 
1845,  stated  that  the  best  stone  is  yellowish-grey,  or  pale  cream- 
colour,  free,  felspathic,  slightly  micaceous,  with  a  silicious  ferri- 
ferous cement.  Of  it  Mr.  Gockbum  states : — "  It  is  good  and 
^iurable,  but  hard  to  work ;  and  has  been  used  in  the  dressing. 
Town  Hall,  Sligo  ;  also  for  quoins  and  dressing,  with  other  sand- 
fitones,  in  the  £illybegs  Goast-Quard  Station.  The  Provincial 
Sank,  Ballyshannon,  was  contracted  to  have  been  built  with  this 
fitone ;  but,  when  half  up,  the  supply  of  good  materials  seems  to 
have  failed,  the  upper  portion  being  stones  from  Dungiven,  Go, 
Londonderry"  (see  Dungif>en,  p.  583). 

AUito.  Three  miles  from  Donegal. — ^Dirty  yellow.  Varying 
from  granular  to  conglomeritic ;  very  quartzose;  semi-crystalline; 
hard;  cement  felsphatic.  Formerly  largely  wrought  into  mill- 
stones and  flax-crushers;  also  heavy  kerbing-stones.  Used  for 
ashlars  in  Lough  Eske  Gastle. 
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Ihruntkeelan.  Three  miles  from  Mount  CharleB  Her.— Greamj, 
to  nearly  white ;  felspathio ;  slightly  mioaoeons,  with  slightly  oal- 
oareous  oement.  Dresses  and  outs  well ;  hardens  on  exposoze. 
Good  strong  flags  oan  be  obtained  here ;  used  in  the  town  of 
Donegal.  Three  thousand  tons  of  this  stone  have  latdy  been 
shipped  by  the  Messrs.  Beckett,  to  build  the  Museum  and  lifaiarir 
for  tiie  Scienoe  and  Art  Department,  Leinster  House,  Dublin. 

Beaumn, — ^Used  in  EiUybegs  Coast-Quard  Station  for  boat- 
house  and  slip.  ^'  Ooarse  and  uneven  in  grain,  with  large  qnsrU 
pebbles.  There  are  some  beds  of  a  fine  texture  and  a  beantiM 
tint  in  this  place,  but  there  is  no  regular  quany,  the  stones  being 
raised  off  the  surfaoe,  and  where  they  oan  be  had  with  least  trou- 
ble" (J.  Oookbum). 

Kildoney.  Four  miles  from  Ballyshannon. — ^White,  mioaoeooB, 
silioious  grains,  with  argillaoeous  silicious  oement.  This  stone 
dresses  and  outs  fairly  well,  and  is  very  durable ;  used  for  wall- 
&oing.  It  is  near  the  sea,  and  therefore  easy  of  transport,  bnt  is 
not  thought  as  muoh  of  as  the  stones  from  the  Dog's  Mountain. 

[In  thia  neighbourliood,  in  the  cliff  oreiiiaiiging  the  sea,  is  an  anthiaoite,  tboot 
7  inches  thick.  In  boring  in  search  of  this  coal,  a  sort  of  emerj  was  struck,  12  feel 
from  the  surface.] 

Dog^s  Mountain,  Fifteen  miles  from  BaUyshannon.— light 
yellow,  ferruginous,  fine-grained,  slightly  mioaoeous ;  works  freely 
and  well.  Exoellent  flagging  (was  used  at  the  Parish  Ghoroh^ 
Ballyshannon}  oan  be  obtained  here. 

To  the  south  of  Bundoran,  in  the  ridge  of  Calp  sandstone^ 
partly  in  this,  and  partly  in  the  adjoining  counties,  is  exoellent 
freestone,  which  was  largely  used  in  the  buildings  in  the  town. 

Sand  and  Gkavel. — ^Near  the  top  of  the  north  face  of  Muddflk 
occurs  a  very  superior  silicious  sand  for  glass-making.  A  little  of 
this  at  the  beginning  of  the  century  was  shipped  to  Belfast  and 
Scotland.  The  place,  however,  is  very  inaccessible,  and  the  cost 
of  getting  was  so  great,  that  it  was  undersold  in  the  markets  by 
foreign  sand. 

[£2  a-ton  is  what  it  was  then  sold  at.  It  is  coarser-grained  than  the  Belgian  aaad,- 
bnt  of  a  better  quality.  The  best  Belgian  sand  at  the  present  time  can  be  delirered  ia 
Dublin  for  16«.  a-ton.] 

The  Muokish  sand  occurs  as  a  disintegrated  bed  in  quartsyte. 
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Only  the  washed  and  weathered-out  crop  can  be  seen  and  ex- 
amined. How  far  it  extends  into  the  hill,  and  its  quality  when 
followed  in,  cannot  be  known  unless  a  leyel  was  driven  in  on  the 
bed. 

[Lewis  states  there  is  a  similar  sand  near  Lough  Salt.    This,  hoverer,  after 
minute  inquiry,  I  cannot  find ;  it  seems  to  be  unknown.] 

Eane  points  out  that,  ^'  In  several  of  the  bays  of  Donegal  the 
sand  thrown  up  by  the  Atlantic  storms  is  of  great  purity,  and 
fully  equal  to  that  in  ordinary  use  amongst  glass  manufacturers." 

Donegal  sand  was  used  at  the  Glass  Bottle  Works,  Bingsend, 
Dublin,  "  and  found  very  good ; "  but  owing  to  the  price  having 
risen,  the  use  of  it  was  discontinued. 

In  some  of  the  streams  westward  and  south-east  of  Letter- 
kenny,  there  are  sands  also  due  to  the  disintegration  of  quartzyte 
or  sandstone  in  situ.  Those  known  are,  however,  more  or  less  im- 
pregnated with  iron. 

A  rather  quartzose  sand  occurs  along  the  railway  from  Letter- 
kenny  to  Deny,  at  Ballyboe  and  Mondink.  The  sand  from  the 
latter  was  largely  used  as  ballast  on  the  line. 

Pit  sand  for  mortar  in  general  is  not  very  plentiful ;  it  how- 
ever occurs  in  Inishowen  and  near  Milf ord ;  while  there  is  inferior 
pit  sand  in  the  neighbourhood  of  Dunfanaghy  and  Faloarrah.  A 
very  good  greenish  pit  sand  occurs  a  little  north-east  of  Kihna- 
crennan.  A  fine  sharp  sand  occurs  in  small  hills  in  Tullybeg,  east 
of  Lough  Fern ;  while  about  two  miles  westward  of  Bathmelton, 
in  the  valley  of  the  Leanane,  in  small  esker-like  ridges,  there  is  a 
clayey  sand,  used  in  Bamelton.  Biter  sand  from  the  streams 
and  rivers  is,  however,  in  general  good ;  excellent  sand  for  use  in 
Donegal  being  found  in  the  Dunmurry  and  Legacorry  streams. 
Other  good  river  sands  occur  near  Glenties ;  above  Letterkenny,  in 
the  Swilly ;  in  inexhaustible  quantity  in  the  Foyle,  south  of  St. 
Johnstown,  used  in  Derry ;  in  the  Finn  river,  at  lifford ;  and  in 
various  other  places.  Gtooi  sea  sand  is  got  in  places  along  the 
coast-line.  There  are  on  the  west  and  north  coasts  very  extensive 
dunes  and  tracts  of  ^olian  sand. 

"  Close  to  the  village  of  MuflE,  fine  sharp  white  ^««  «awrf  occurs ; 
used  extensively  in  the  neighbourhood  and  Deny  (six  miles  distant) 
for  scouring  steps  and  such  like.  In  this  neighbourhood  some  of 
the  sandstones  are  very  soft  and  friable."    {A.  WC.  Stewart.) 
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DOWH. 

Bocks  of  OidoYioian  age  ooonpy  the  major  portion  of  tlua 
eounty ;  but  in  these  to  the  southward,  among  the  Moume  Monn- 
tains,  in  the  Ticinity  of  Garlingford  Lough,  are  intrudes  of 
granite  and  other  Exotie  rocks.  Two  very  small  tracts  of  Car^ 
bomfirotu  rocks  oocor,  one  on  the  margin  of  Garlingford  Lough, 
and  the  other  in  the  Ticinity  of  Castle-espie,  at  the  north  end  of 
Strangford  Lough ;  while  to  the  north-west  and  north,  in  the 
Tdley  of  the  Lagan,  northward  of  Comber,  and  in  the  neighbour- 
hood of  Newtownards,  are  Triassie.  In  the  valley  of  the  Lagan, 
OTor  the  Trias,  are  other  Mesosoic  rocks,  and  the  Eocene  (?) 
ddeiytes,  with  their  aooompanying  basal  beds. 

OanoTiciAN. — ^The  yarious  grits  that  ooour  in  places  in  the 
rocks  of  tins  group  seem  to  be  only  used  for  local  purposes,  as  in 
the  area  there  is  no  quany  of  note.  Li  the  district  the  slate  rocks 
are  usually  used  for  rubble  work ;  and  granite,  or  Trias  sandstone, 
for  groins,  dressings,  and  other  out-stone  purposes.  At  Ballygowan 
there  is  a  stone  used  in  the  National  School,  which  Mr.  Oiey 
reports  as  "very  hard,  durable,  and  dark-coloured — nearly  black." 

Near  the  **  Stone  Cirde^''  Mlllan  Bay,  and  to  the  south-west  of 
Slieyenagriddle,  flags  of  large  size  can  be  obtained. 

T&iAssia — ^In  the  quarries  along  the  valley  of  the  Lagan  the 
stone,  nearly  invariably,  is  of  a  deep-red,  or  brick-colour,  and  more 
or  less  soft  and  argillaoeous.  It  has  been  largely  used  for  local 
purposes,  especially  for  the  bridges  of  the  TTlster  (now  the  Great 
Northern)  Bailway.  There  is  a  considerable  quany  at  Ealvarlin, 
near  Moira. 

To  the  north  of  the  county,  at  Scraho  Hilly  near  Newtownards, 
there  \b  a  better  class  of  stone.  Here  there  are  different  quarries, 
in  which  the  stone  varies  greatly  in  colour  and  quality,  there  being 
shades  of  grey,  yellow,  and  red;  some  are  argiUaoeous,  others 
silicious,  while  they  may  be  friable,  or  have  concealed  joints  or 
vests ;  therefore  they  have  to  be  selected  with  great  care  if  good 
and  uniform  work  is  required. 

[BlttBting  ia  too  preTale&t  in  this  qnaity.  Good  stogBes,  with  a  little  eztn  tnmUc^ 
might  be  maed  by  the  crowbar  and  wedge,  while,  if  laiaed  with  powder,  they  are 
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shaken,  and  more  or  lees  Talueless.  This  remark  is  not  only  applicable  here,  but  also 
in  Tarious  other  sandBtone  quairiea,  where  the  character  of  the  stone  is  spoilt  by  the 
•mode  of  raising  the  blocks.] 

All  the  stones  are  free-working,  and,  if  raised  with  oare,  and 
well-selected,  are  durable.  Formerly  they  were  very  extensively 
Tised  in  Belfast,  but  of  late  years  they  have  been  out  out  by  a  very 
general  introduction  of  Scotch  stone. 

These  quarries  also  supply  good  strong  flags,  from  2'5  to  3  in. 
thick. 

Newtownards  is  built  nearly  solely  from  these  quarries ;  the 
large  Town  Hall,  as  pointed  out  by  Wilkinson,  displaying  some 
^ood  work. 

The  Scrabo  stones  have  been  used  in  Belfast,  in  the  Albert 
Memorial,  St.  Enoch,  Fortwilliam,  Sinclair's,  Ehnwood,  and 
Donegal-street  churches ;  the  Academy,  in  the  offices  of  Eobinson 
-and  Hewits,  and  the  warehouse  of  Bobinson  and  Cleaver,  the  last 
two  being  from  the  Okbe  Quarry.  They  were  also  used  in  Stor- 
mount  Castle  and  the  Model  School  and  Strain  Church,  New- 
townards. Mr.  William  Qray,  M.B.I. A.,  says  of  the  stone,  that 
it  is  "  very  variable  in  colour  and  texture,  stands  fairly  well 
when  selected  and  set  on  bed,  but  tilted  on  edge  it  will  not  stand. 
It  works  freely,  and,  as  a  rule,  is  of  a  light-brown  colour."  And 
of  the  "  Glebe  (iuarry  " : — "  It  yields  a  light-coloured  stone,  of 
very  even  texture,  and  good  colour.  It  is  soft,  but  stands  fairly 
well,  and  makes  a  good  building  stone. 

Dundonald.  Four  miles  from  Comber : — Bed ;  fine-grained ; 
like  the  Dumfries  stone  {Scotch)^  and  has  been  used  for  it.  The 
•quany  does  not  yield  a  very  large  quantity.  Has  been  used  in 
Belfast  in  the  Spencer  basin ;  cottages  and  villas  at  Knock ;  Preston, 
fimith  &  Co.'s  Warehouse,  Ac.     ( William  Gray,) 

The  principal  Irish  sandstones  used  in  Belfa^  are  from 
the  Scrabo  and  Dimdonald  quarries,  Co.  Down;  Dungiven,  Co. 
Xiondondeny ;  Ballycastle,  Co.  Antrim ;  Cookstown,  and  different 
•quarries  near  Dungannon,  Co.  Tyrone;  those  from  Banfurly, 
MuUaganagh,  Bloomhill,  and  Carlan  being  most  preferred. 

Sand  and  Gravel. — Good  pit  sand  occurs  in  the  valley  of  the 
Bann,  also  at  Saul,  between  three  and  four  miles  from  Down- 
patrick,  in  the  neighbourhood  of  Newtownards,  and  in  other  {>laces. 
There  is  good  river  sand  in  various  places  along  the  streams  and 
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liyers ;  while  near  Eilkeel  and  Newrj  the  eea  sand  is  also  good. 
Red  sand  suitable  for  foundry  purposes,  and  exported  from  Bel&st 
to  Dublin,  Cork,  &o.,  is  procured  in  the  vallej  of  the  Lagan. 

Flint-Glass  was  fonnerly  largely  manu&otured  in  Newrj. 
Although  this  was  in  existence  in  1840,  yet  now  it  seems  haid  to 
get  information  about  it. 

There  was  a  second  manufactory  at  BaUymacairet,  a  suburb  of 
Belfast.  To  this,  at  the  beginning  of  the  century,  a  few  cargoes 
of  Muckish  sand — Ards,  Go.  Donegal — ^was  brought,  and  found  to* 
be  Tery  superior;  but  the  expense  of  getting  the  sand,  and  the 
consequent  high  price  when  deUvered,  droye  it  out  of  the  market. 

DT7BLXN.* 

There  are  arenaceous  rocks  among  the  Ordovicians  to  the  nortii 
and  south-west  of  the  county,  the  latter  in  part  being  metamor* 
phosed.  In  the  Bathmiohael  Bound  Tower,  quartz-rode  and  day- 
slate  were  used ;  but  the  masonry  is  very  rude.  As  beds  of  limited 
thickness  in  the  calp  division  of  the  Carboniferous  there  are  argH- 
laoeous  sandstones,  and  there  are  also  sandstones  in  the  Lower  Coal- 
measures, 

Carboniferous. — Li  some  of  the  calp  quarries  there  are  ar- 
gillaceous calcareous  sandstones,  or  arenaceous  limestones,  capable 
of  being  raised  in  large  blocks,  and  suitable  for  heavy  work,  such  aa 
foundations,  for  which  they  have  been  extensively  used.  In  some 
quarries  they  are  thin-bedded,  and  give  good  flags.  This  was 
specially  the  case  in  one  set  of  beds  in  the  old  "Windmill 
Qruarry,"  Bathgax,  and  some  years  ago  there  was  an  extensive 
trade  in  them.  As,  however,  the  "  overbaring,"  and  conse- 
quently the  expenses  of  the  quarry,  increased,  the  trade  dropped. 

In  the  north  division  of  the  county  there  are  patches  of  Lower 
Coal-measure  rooks.  In  these  there  are  some  grits  and  sandstones  i 
but  although  some  of  them  are  fair  stones,  none  of  them  appear  to 
have  been  used,  except  for  local  purposes. 

In  the  city  of  Dublin  sandstone  is  largely  displayed  in  the 
public  buildings ;  but  none  of  the  cut  stone  seems  to  have  been 
obtained  in  the  county,  while  most  of  it,  especially  in  the  buildings 
during  the  last  century,  and  in  the  beginning  of  the  present,  ia 

«  See  **  Notes  added  in  the  Press." 
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English  stone.  Portland  stone,  according  to  Wilkinson,  was  used 
in  the  following  structures : — Old  Parliament  House,  now  called 
the  Bank  of  Ireland ;  Trinity  College,  except  the  Provost's  House,, 
for  which  the  stone  was  procured  in  the  neighbourhood  of  layer- 
pool;  Eoyal  Exchange;  Post  OfiBice;  Botundo;  King's  Inns;. 
Liaw  Courts;  Custom  House;  the  dressings  at  the  Castle;  the 
statue.  Nelson's  Pillar;  St.  George's  Church;  St.  Thomas's^ 
Church ;  Boman  Catholic  Cathedral,  Marlborough-street.  It  has 
stood  well,  but  is  much  discoloured.  For  some  years  past  it  has< 
fallen  off  in  demand.  Its  present  price  in  Dublin  is  two  shillings 
per  cubic  foot,  and  one  shilling  per  square  foot  for  working. 

From  information  procured  by  Mr.  B.  Clarke  we  learn  the 
following  as  to  buildings  erected  since  Wilkinson  wrote : — 

^'  Subsequently  oolite  limestone,  or  Bathstone,  was  in  demand,, 
which  may  be  here  mentioned,  although  somewhat  out  of  place.  At 
present  there  are  four  qualities  in  the  market,  which  are  delivered  at 
two  shillings  and  two  pence  per  cubic  foot,  and  dressed  at  one  shilling 
per  square  foot.  It  has  been  used  in  the  following  ofiBices  during 
the  last  twenty-five  years  : — ^PW)vinoial  Bank,  College-street ;. 
Gxunness's  mansion,  Stephen's-green ;  Standard  life  Assurance,. 
Saekville-street ;  Trinity  Chambers,  Dame-street;  Boyal  Insur- 
ance (P),  Dame-street;  Crown  life  Insurance (P),  Dame-street; 
Commercial  Union  Assurance,  College-green;  Law  life  Insur- 
ance, Saekville-street ;  and  Lancashire  Insurance,  Saokville-street.. 

"  Caen-stone  is  used  for  finer  kinds  of  work  than  either  the 
Portland  or  Bath,  such  as  all  kinds  of  inside  work. 

<<  Drumfries  stone  has  been  used  in  many  of  the  insurance  ofiBice 
buildings. 

**  Buncom  red  was  also  used  in  many  of  the  insurance  companies^ 
offices  as  well  as  in  other  structures,  principally  for  bands  to  set  off 
lighter  sandstones,  or  granite.  It,  however,  is  not  durable,  as  may  be 
seen  in  the  Augustinian  Friary  Church,  John-  and  Thomas-streets,, 
where  the  Buncom  stone  has  decayed  so  rapidly,  that  although 
only  built  twelve  years,  it  is  now  being  taken  down  and  replaced 
by  granite. 

^'  Fumess  Abbey  red  stone  has  also  been  imported. 

*^  Of  late  red  sandstone  has  been  brought  from  Dundonald,  near 
Comber,  Co.  Down,  and  has  been  largely  used  in  building  the  new 
portion  of  the  Great  Northern  Bailway  Terminus,  Amiens-street. 
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This  stone  has  a  good  xepntation  in  Belfast,  where  it  has  been 
largely  used. " 

**  Ihmgannon  stone/'  from  Mnllaganagh,  or  the  Banfarly 
qtxany,  Co.  Tyrone,  was  need  in  the  new  additions  to  the  Bojil 
University,  and  has  held  its  oolonr  welL 

The  creamy  sandstone  from  Mount  Charles,  Co.  Don^l,  has 
been  used  extensively  in  the  new  building  for  the  Science  and  Art 
Department,  Leinster  House.  This  seems  to  be  the  first  place  of 
note  in  Dublin  where  it  has  been  tried. 

Sand  and  Gravel.— In  this  area,  in  the  ground  that  isbekm 
the  two  hundred  and  fifty  feet  contour  line,  but  more  eepeoially 
below  the  one  hundred  feet  contour  line,  there  are  large  aooumulft- 
tions  of  sand  and  gravel.  In  some  localities,  however,  eepeoiafly 
those  below  the  lower  line,  the  gravel  and  sand  has  ertenavdy 
been  worked  out  for  road  and  building  purposes,  large  areas  being 
oleared  of  the  accumulations  that  once  existed,  so  that  anyone  now 
mapping  the  edges  of  the  gravel  terraces  would  draw  lines  qnite 
different  to  those  of  the  margins  of  the  original  sea-beaches.  This 
is  specially  the  case  in  the  tract  between  Booterstown  and  DuUin. 
As,  however,  these  sands  and  gravels  are  so  prevalent  in  the  county, 
good^tV  sand  can  be  procured  in  numerous  places. 

The  Drift  CliflFs  of  Killiney  Bay  are  for  a  large  part  composed 
of  these  gravels,  and  the  sands,  the  washing  from  the  clifb,  haye 
within  the  last  thirty  or  forty  years  oome  into  great  repute,  so 
much  so,  that  now,  almost  as  fast  as  the  beaches  form,  they 
are  carted  away,  to  the  great  detriment  of  the  owners  of  the  ad- 
jacent  land,  as  their  land,  being  deprived  of  its  natural  protection, 
is  rapidly  carried  away  by  the  sea.  This  removal  of  the  sand,  and 
consequent  waste  of  land,  has  led  to  various  lawsuits. 

[Within  the  laat  forty  years,  eince  the  great  trade  in  Killiney  grarel  has  beea  in- 
stituted, the  cliffs,  from  a  irant  of  their  natural  protection,  are  receding  haekwaidi  at 
«  rate  of  at  least  one  foot  every  year ;  whUe,  in  certain  places,  the  deetniction  is  •*«& 
much  more  eztensiTe,  exceeding  two  or  even  three  feet  per  annum.  From  careAu 
calculation  made  on  the  coast  of  Wexford,  where  the  natural  waste  of  the  driftrdiib 
at  the  present  day  is  greater  than  elsewhere  in  Ireland,  the  average  waste  is  one  foot 
per  annum,  the  excessiye  waste  in  two  or  three  other  places  being  three  feet  per  aminm, 
and  in  one  or  two  as  much  as  four  feet  and  flye  feet. 

These  wastes  on  the  coast-line  are  very  interesting,  some  being  evidently  die  to 
artiBcial  structures.  Thus,  the  intaking  of  the  north  and  south  slopes  in  the  Slaney  lagoon 
(Wexford  Harbour)  changed  not  only  the  character  of  the  Dodder  Bank,  at  the  mouth  of 
the  lagoon,  but  also  that  of  the  Lucifer  Shoal,  six  miles  off  its  entrance.    And  thsss 
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chasgei  in  the  "bKokM  have  affected  the  infringement  of  the  currents  on  the  north-^ . 
ward  coast,  bo  that  since  these  intakes  have  been  made  the  coast-line  of  the  North 
£a7,  that  is  between  Wexford  and  Cahore,  has  been  much  more  rapidly  denuded.  On 
the  other  hand,  on  the  South  Bay,  or  as  it  is  now  called  on  the  recent  charts,  Bally- 
geary  Bay,  the  erection  of  the  new  pier  at  Ballygeary  has  quite  changed  the  f eatures- 
of  the  shores  of  the  bay,  by  accumulating  fulls  at  the  base  of  the  cliffs  that  previously 
were  rapidly  being  denuded  away.  Tins  is  especially  the  case  between  BaUygeary  Pier 
and  Greenore,  where  there  are  now  "  foils"  and  apparently  permanent  beaches  in  places 
that  ten  years  ago  showed  a  dean- washed  rock  surface  up  to  the  base  of  the  drift-cliff  ; 
these  beach  accumulations  covering  up  most  interesting  geological  sections,  that  pro- 
hably  will  never  be  seen  again  until  BaUygeary  Pier  has  disappeared.  On  the  south 
coast  of  Wexford  the  Ballyteigue  flats  were  intaken;  here  also  the  chauge  has  had 
great  effect,  as  since  the  intake  the  land  immediately  west  of  the  entrance  to  the  lagoon 
lias  been  rapidly  denuded  away ;  but  further  westward,  in  the  vicinity  of  Cullenstown, 
a  foreshore  has  grown  out.  If  it  were  necessary,  various  other  cases  could  be  enumerated 
where  there  are  also  changes  due  to  human  agencies.  In  other  places  changes  are- 
taking  place  from  unknown  and  hard-to-be-explained  natural  causes,  fulls  formiug  or 
being  out  out  for  no  apparent  reason.  The  most  remarkable  case  thai  has  come  under 
my  observation  is  the  tidal  effect  on  the  middle  island  of  Arran,  at  the  entrance  of 
Qalway  Bay,  where  the  effects  of  the  tidal  currents  of  late  years  are  perfectly  different 
to  those  a  quarter  of  a  century  ago,  while  there  seems  no  apparent  reason  for  a 
change.] 

Good  pit  sand  ioi  building  purposes  can  be  obtained  at  Knock- 
more,  Valley  of  Diamonds,  and  Ballywaltrim,  Dargle-road,  Bray ; 
also  at  the  Moat,  Old  Gonnaught.  The  last  is  a  veiy  superior 
sand,  very  dean  and  sharp  (silioious).  It  is  in  Lord  Plunket's 
demesne,  and  is  not  for  sale,  but  is  used  by  special  permission  for 
any  veiy  particular  stucco  plastering  rough-cut  work.  There  is  na 
sand  equal  to  it,  certainly  none  to  surpass  it,  in  the  Co.  Dublin. 
(T.  -B.  Orierson.)  The  foundry  sand  (red)  used  in  Dublin  is  im* 
ported  from  liverpool  and  Belfast,  costing,  delivered,  about  15«. 
per  ton.  At  one  time  good  sand  came  from  Co.  Cork,  but  it  does 
not  seem  to  be  used  now. 

Glass  formerly  was  largely  manufectured ;  but  in  1886  there 
were  only  two  flint  glass  and  seven  glass  bottle  manufacturers. 
Through  Mr.  White  of  Dublin  we  learn  that  at  the  Eingsend  Bottle 
Go.'s  works  the  common  bottle  glass  is  "  made  by  the  fusion  of 
the  following  materials :  sand,  from  the  adjoining  Sandymount 
strand ;  blue  day,  from  Sutton  strand ;  waste  lime,  from  Bewley 
and  Draper's  chemical  works ;  kelp  waste ;  broken  red  tiles,  to  give 
body;  rock  salt,  from  Drogheda ;  refuse  manganese ;  asmallquaa-^ 
tity  of  coarse  fluor-spar,  and  oyster  shells. 

^'  The  materials  now  used  for  the  finer  glass  are  Antwerp  sand> 
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French  chalk,  carbonate  of  aoda,  oxide  of  manganese,  flnor-qpor, 
and  arsenic. 

'^  Ground  granite  was  nsed  formerly  for  the  finer  TarietieB  of 
glass,  but  was  discontinued  in  consequence  of  the  high  temperature 
required  for  its  fusion.  Donegal  sand  was  also  used,  and  was 
found  very  good ;  but,  owing  to  the  price  having  risen,  the  use  of 
it  was  discontinued.'' 


FEBKAKAGH. 

To  the  north-west  of  the  county  there  is  a  small  tract  of  meta- 
morphio  rocks  coming  in  from  those  of  the  Co.  Donegal.  They 
are  probably  the  equiyalent  of  the  Arenig,  or  perhaps  C€unbriiaL 
East  of  Lower  (North)  Lough  Erne  are  Silurian  of  the  *'  Lower 
Old  Bed  Sandstone"  type.  The  rest  of  the  area  is  occupied  by 
Carboniferous  rocks. 

The  age  of  the  Carboniferous  rocks  occupying  the  tract  at  tbe 
south-east  of  the  county,  of  which  the  highest  summits  are  SlicT^ 
beagh  (1255  feet)  and  Cammore  (1034  feet),  is  disputed,  Ghiffitk 
considered  them  ^'  Ca^/'  or  the  middle  group  in  the  Limestone; 
John  Kelly,  whose  opinion  is  adopted  by  Dr.  Hull,  calls  them 
Coal-measures;  while  Baily  states  the  fossQs  prove  them  to  be 
Lower  Carboniferous,  As  previously  stated,  we  believe  that  they 
are  CoaUmeasures,  and  wiU  refer  to  the  lower  sandstones  as  ^  IPet' 
managh  sandstone."    [See  Introduction,  page  524.) 

West  of  Lower  Lough  Erne,  extending  S.  S.  E.  from  Lougi 
Erne,  past  Deiiygonnell  to  the  Amey  river,  is  another  tract  of 
Calp  ;  while  north-east  of  Lower  Lough  Erne,  in  the  Kish  distiict^ 
the  rooks  are  of  the  ^'  Ulster  Calp  type,"  capped  to  the  south-wert 
<A  Sash  by  a  small  tract  of  "  Fermanagh  sandstone"  {Lower  Coal- 
measures). 

In  the  western  part  of  the  county  ore  Coal-measures,  part  of 
the  CoNNAUGHT  CoAX-FiELD,  wluoh,  as  previously  mentioned, 
extends  into  the  province  of  Ulster. 

Obdovician. — ^The  grits  of  this  group  can  be  tised  for  waUing 
and  rough  purposes ;  but,  as  there  are  usually  better  stones  in  the 
vicinity,  they  are  only  very  locally  used. 

Silurian. — ^The  sandstones,  which  are  in  the  majority  in  the 
mass,  are  generally  shades  of  red,  brown,  and  purple,  although 
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«ome  are  yellowish  or  variegated.  In  many  of  them  there  are 
argiUaoeous  or  shale  spots  and  specks.  At  lisbellaw,  in  connexion 
"with  the  exposure  of  Ordovicians,  a  massive  conglomerate  abruptly 
•comes  in,  as  if  it  had  been  a  shingle  mass  against  a  head,  that 
.acted  as  a  groyne  at  the  end  of  an  ancient  strand.  The  pebbles  in 
it  are  remarkably  hard,  and  are  much  used  for  road  metal.  The 
evident  circumstances  under  which  the  "  lisbellaw  conglomerate" 
accumulated  have  been  given  in  a  Paper  on  this  subject  (page  504, 
-ante). 

These  Silurian  sandstones  are  in  general  too  coarse  for  dressed 
work,  though  well  adapted  for  ordinary  or  coarse  work.  The  finer 
kind  was  extensively  used  in  Necam  Castle,  near  Irvine — or 
Xiowtherstown — the  dressing  being  the  Galp  sandstone  from  lis- 
naskea.  At  Castle  Archdall,  however,  in  the  same  neighbourhood, 
it  was  used  for  the  quoins  and  dressing,  while  the  walling  is  an 
impure  limestone. 

In  Ardlogher  Quarry^  near  Irvinestown,  the  stone  varies,  being 
^ades  of  reddish-grey.  It  is  granular,  semi-crystalline,  hard, 
compact,  and  slightly  calcareous.  Lower  beds  mahogany-red  to 
red ;  argillaceous ;  laminated  and  micaceous ;  works  fairly  well. 

MuUaghfarm.  Four  miles  from  Irvinestown. — Brittle  and  hard 
to  work ;  used  for  quoins  and  common  dressing. 

Kerlish.  Eleven  miles  from  Irvinestown. — Various;  generally 
ooarse,  conglomeritic,  quartz-grain,  felspathic  cement,  and  slightly 
ferriferous ;  others  finer  in  texture. 

Oarbomifbbous. — In  the  disputed  area  of  Slievebeagh  dis- 
trict, here  described  as  Fermanagh  sandstone^  there  are  some 
noted  quarries.  In  the  neighbourhood  of  Ldsnaskea  most  of  the 
stones  are  creamy,  yellowish,  or  slightly  greyish,  good,  free- 
working,  and  have  been  extensively  used  in  lisnaskea,  besides 
other  places  in  this  and  the  neighbouring  counties,  such  as  Irvines- 
town, Enniskillen,  Clones,  Monaghan,  and  Newtownbutler.  They 
do  not,  however,  seem  to  have  gone  into  the  Dublin  or  other 
•distant  markets,  although  some  of  them  are  well  worthy  of  notice. 
Stones  from  these  quarries  were  used  as  quoins  and  dressing  at 
Orom  Castle,  and  at  Necam,  near  Irvinestown,  for  ornamental 
work. 

Tannyhy.  Near  Lisnaskea. — YellowiBh-white  to  reddish-grey ; 
finely  silidous-grained ;  felspathic  cement ;  ferriferous  spots;  free- 
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working ;  many  honseB  in  Clones  and  Lisnaakea  are  built  of  ihi» 
atone ;  bat  the  quany  seems  to  be  now  closed. 

Bliuh  Sill.  Two  miles  from  Lisnaskea. — Ghreyish-white  and 
yellowish;  alidons-grained ;  soaieely  any  cement;  femferoiift 
stains ;  some  beds  TOiy  friaUe ;  easily  woiked.  Some  fifty  yeaia 
ago  this  was  the  principal  sandstone  used  in  Enniakillen,  Clones, 
and  Lowtherstown  (now  Irrinestown).  Dartiy  mansioii,  Co. 
Monaghan,  and  Famham,  Go.  Oavany  were  built  of  stone  pro- 
cured here.  Now,  however,  the  quany  is  not  worked,  on  aooonnt 
of  the  "  overbaring." 

KiUurkj  or  Mount.  Between  two  and  three  miles  from  Lis- 
naakea. — ^A  somewhat  similar  stone ;  splits  into  long  eoantlings. 
Nearly  all  the  gate-posts  and  the  cut  stones  for  the  buildings  of  tii» 
Qreat  Northern  Railway  westward  of  Dundalk  were  procured  from 
this  quarry. 

KnochnaloneiU  Seven  miles  from  Lisnaskea. — The  stones  for 
Monaghan  College  and  smaller  buildings  were  procured  here. 

Crocknagotcan.  Two  miles  from  lisnaskea. — Stones  used  in  Pres- 
byterian ohurohes,  Belturbet  and  Aughnamullan,  Co.  Monagbaii^ 
(Hones  Gas  Works,  and  Tempo  House ;  also  wrought  into  tomb- 
stones. 

Eihhralhy.  Three  miles  from  Lisnaskea. — Stones  used  in  Inish- 
more  Hall,  and  for  pillars  and  dressing  in  Crom  Castle,  and  in  the^ 
new  work,  Enniskillen  Church.  It  is  also  wrought  into  tombstones^ 
and  some  of  the  beds  into  scythe  stones. 

AUnabrocky  or  Aughnabrock.  Near  Lisnaskea. — dean,  fine- 
grained, and  massive ;  Ulster  Banks,  Enniskillen,  Losnafikea,  and 
Clones ;  seems  to  be  much  sought  after  at  the  present  time. 

Oorraghy^  or  EldenDOod.  Three  miles  from  Brookborough.— Not 
in  repute  for  cut-stone  purposes. 

Cammare, — Pebbly,  eilidous  sandstone;  good;  hardens  on 
exposure ;  easily  worked  when  first  raised.  This  stone  f  onnerly 
was  extensively  wrought  into  mill-stones  and  fiax-arushers  before 
these  industries  deolined. 

To  the  north-east  of  Lough  Erne,  in  the  Calp  of  the  ^'TTlster 
type  "  of  the  Eesh  district,  there  are  good  stones  to  be  procured  in 
Inishbo  (Cow  Island)  in  the  north  portion  of  the  lake,  and  in 
different  places  north-east  of  Kesh.    According  to  Mr.  Plunkett> 
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M.S.I.  A.)  the  beautifully  sculptured  cross  on  Devenish  is  cut  in 
stone  from  the  latter  locality. 

[The  quameB  north  and  north-east  of  Kith  are  in  the  Calp  sandstone;  while  those 
south-west  of  Xish  are  in  a  small  outlier  ci  F§rmanagh  tandaUmtS] 

Good  hard  silicious  stones  may  be  procured  in  the  Derrygonnell 
Calp  area,  to  the  west  of  Lower  Lough  Erne — as  in  the  neigh- 
bourhood of  Church  Hill.  About  Monea  they  are  in  general 
massive,  with  subordinate  flaggy  beds.  Kerbstones  were  procured 
here  for  the  village  of  Lisbellaw ;  and  in  1800  the  town  of  Ennis- 
killen  was  paved  with  setts  procured  from  this  neighbourhood 
{G.  S.  M.). 

Some  excellent  stones  have  been  noted  in  the  Coal-measures 
to  the  west  of  the  county.  They,  however,  are  far  away  from  any 
market  or  town,  and  are  more  or  less  difficult  to  get  at :  on  which 
account,  and  also  as  good  sandstone  can  be  had  more  conveniently, 
they  are  not  sought  after. 

For  the  following  list  of  quarries,  with  their  distance  from 
Enniskillen,  we  are  indebted  to  Mr.  John  Wray,  tl^ie  Borough 
Engineer : — 

Carnmore^  23  miles ;  parish  of  Clones  ;  Clones  Church  and 
Market-house. 

Mounts  15  miles ;  parish  of  Gtdloon ;  Bailway  Bridges  from 
Clones  to  Enniskillen. 

Eskbradlei/f  15  miles ;  parish  of  Galloon ;  Newtownbutler 
Market-house,  Irvinmore  Hall. 

Aughnabrock,  13  miles;  parish  of  Aughavad;  Ulster  Bank, 
Enniskillen. 

Stonepark,  14  miles ;  parish  of  Kanawley ;  Derryglin  churches. 

Letghatij  7  miles ;  parish  of  Devenish ;  Bridges,  Lilliaa  river ; 
Kerbs,  &c.,  Enniskillen. 

JRossanuremorey  15  miles ;  parish  of  Devenish;  Bridge  and 
ChuToh,  Garrison,  Ballyshannon. 

Olenashaver^  15  miles;  parish  of  Lmismacsaint ;  Bridge  be- 
tween Derrygonnelly  and  Garrison. 

Killro%kagh^  14  miles ;  parish  of  Cleenish ;  Belcoo  and  Holy- 
well Bridges. 

Aghnaglack,  12  miles;  parish  of  Boho;  Derrjgore  House, 
Enniskillen. 

tfCIBM.  PEOC.  Il.D.8.— TOL.  T.  PT.  VII.  2  Q 
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The  romid  tower  on  Devenish,  in  Lower  Lough  Erne,  is  bnQt 
of  local  sandstone,  and  displays  good  work,  with  ornamental 
mouldings  at  the  base  of  the  oone.  There  is  also  the  yery  hand- 
some cross  that  was  exhumed  when  the  tower  was  repaired  about 
1878.  It  displays  elaborate  and  careful  work.  Since  it  has  been 
placed  in  its  original  site  it  has  considerably  suffered  from  the 
weather.  The  stone,  as  already  mentioned,  seems  to  have  been 
procured  from  the  Kesh  sandstone  to  the  north-east  of  the  lake. 

Sand  and  Gravel. — ^There  is  good  pit  sand  near  Irvinestown. 
Gt)od  river  sand  can  be  procured  in  many  of  the  riyers  and 
streams.  That  used  at  Lisnaskea  is  brought  about  two  or  three 
miles,  and  what  is  used  in  Enniskillen  is  principally  brought  by 
boat  from  the  Biyer  Amey,  and  from  near  Fettigoe.  There  is 
also  good  river  sand  near  Lrvinestown. 


OALWAY. 

The  rocks  north  of  Galway  Bay  are  more  or  leas  granitic,  and 
Professor  Hull  has  stated  that  he  considers  that  they  are  of  Lan- 
rentian  age,  this  opinion  being  grounded  sokly  on  their  Uthologieal 
characters.  Unfortunately  for  this  theory,  although  the  rocks  in 
the  vicinity  of  Galway  ore  more  altered  than  elsewhere  in  the 
county,  they  graduate  northward  and  westward  into  rooks  only 
slightly  altered,  the  fossils  in  which  prove  their  true  ages.  The 
slightly  altered  rooks  to  the  northward  are  not  included  in  Pro- 
fessor Hull's  Laurentiansj  as  in  them  are  found  fossils  of  Qrdo- 
vician  type ;  those,  however,  are  to  the  westward.  Li  the  latter  as 
yet  no  fossils  have  been  found,  but  they  have  not  been  properly 
searched.  The  fossil  evidence  in  the  rocks  to  the  northward  proves 
that  these  so-called  Laurentian  rocks  are  some  of  the  youngest  of 
the  metamorphic  rocks  of  the  Co.  Gtdway. 

[It  is  eyident  that  the  tune  of  the  metamoiphism  which  giTei  their  praeoit 
gneiflsoae  ohaiaoten  to  the  rocks  was  post-Ordoyioian ;  also  that  the  granitie  end 
schistose  characters  of  the  rooks  are  solely  due  to  this  metamorphic  action,  and  not  to 
the  age  of  the  rocks.] 

Li  West  Gtalway  the  Ordocieians  appear  to  have  graduated 
downwards  through  the  Arenig  into  the  Cambrian,  so  that  all 
are  now  more  or  less  represented.    In  the  more  altered  portions 
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{Ordavieian)  there  are  quartssytes  and  quartz  rook  {gneissen)y  while 
in  the  less  altered  portions  to  the  north  and  to  the  westward  (the 
latter  classed  as  Laurentians)  there  are  grits. 

To  the  east  of  the  ooontj,  in  the  mountain  groups  [Slieve 
Aughta)y  there  are  also  Ordovioian  rocks;  they  are  not,  however, 
metamorphosed.  To  the  north  of  the  county,  from  the  Atlantic 
eastward  to  Loughs  Mask  and  Gorrib,  is  a  long  tract  of  Silurian , 
while  margining  the  Slieve  Aughta  Ordovicians,  and  in  two  places 
on  the  shores  of  Lough  Oorrib — at  Oughterard  and  Cong — ^are 
Carboniferous  sandstones.  Li  the  Cijp,  north-east  of  Athenrj,  are 
calcareo-argillaceous  sandstones. 

Cambrian  (P),  Abenig,  and  Ordovician. — In  general  the 
quartzyte  and  quartz  rock  are  splintery,  or  break  irregularly ;  in 
no  case  are  they  fit  for  dressed  work.  As  much  better  stone  can 
easily  be  procured,  they  are  rarely  used,  except  for  local  rough 
work.  Some  of  the  grits  in  the  less  altered  Ordovicians  are  fair 
stones. 

Silurian. — Good  stones  from  fine  to  coarse  conglomerates. 
Yellowish-greens,  browns,  and  reds;  some  easily  worked,  but  not 
in  use,  as  the  localities  are  backward,  and  there  is  no  demand. 
Have  only  been  used  in  local  works.  When  building  Maam 
bridge,  although  there  was  excellent  and  suitable  sandstone  in  the 
vicinity,  Nimmo  brought  limestone  by  water  from  Cong,  Co. 
Mayo,  as  he'  considered  it  cheaper. 

Carboniferous.— Some  of  the  stones  are  well  suited  for  cut* 
stone  purposes.  Those  at  the  mearing  of  the  county,  to  the  west 
of  Mount  Shannon,  have  been  already  mentioned  [Co.  Clare^  p. 
539).  To  the  east  of  the  county  are  other  good  stones,  locally 
used  in  Woodford  and  Portumna. 

A  Uttle  south  of  Cappagh,  and  north  of  Featherstone  Lodge, 
westward  of  Woodford,  there  are  stones  capable  of  being  ground 
to  a  smooth  surface,  and  of  making  flagging  similar  to  the  *^  Kin- 
nity  flags,"  King's  County  (p.  676). 

Benmore.  Two  miles  from  Woodford.— A  fine  freestone ;  can 
be  raised  in  large  blocks  ;  suitable  for  all  cut-stone  purposes. 

Slieve  Bart  North  of  Dunmore,  to  the  north  of  the  county, 
and  partly  in  the  Co.  Mayo. — The  massive  pebbly  grits  were 
formerly  extensively  wrought  into  millstones.  Li  this  hill,  not 
very  long  ago,  was  raised  very  extensively  a  very  thin  laminated 
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smooth  flag,  locally  known  as  Dunmore  slate.  This,  in  old  timeB^ 
was  used  for  roofing  instead  of  filate,  as  will  be  seen  on  the  old 
houses  in  Dunmore,  Tuam,  and  the  neighbouring  towns  in  the 
Co.  Mayo.  It  made  a  good  substantial  roof,  the  weight  of  the 
''slates"  being  suitable  to  the  heavy  gales  and  storms  of  the 
county.  They  were  not  very  unsightly ;  far  less  so  than  the 
"  Stourbridge  slate/'  used  in  Oxford,  Ihigland.  They,  howe?er> 
required  heavy  timbering  to  support  them. 

In  the  vicinity  of  Gong  and  Oughteraid,  the  tracts  of  Lower 
Carboniferous  Sandstone  are  of  limited  extent,  and  the  sandstone 
is  but  little  used  on  account  of  the  excellent  limestone  in  suoh  ex- 
tensive  tracts  in  those  localities. 

As  loose  stone  in  the  islands,  and  along  the  shores  of  Lough 
Corrib,  are  some  peculiar  sandstones.  They  have  not  been  ob- 
served in  situy  and  possibly  may  be  of  Silurian  age;  but  in 
appearance  they  are  more  like  the  Carboniferous  rocks.  In 
weathering,  excrescences  like  small  gooseberries  grow  out 
from  some,  while  others  become  pockmarked,  small  concave  hol- 
lows weathering  into  them.  The  latter  stones,  when  weathered^ 
are  extremely  durable,  as  can  be  seen  in  the  chancel  arch  of  the 
ancient  church  on  Inchnagoill,  in  Lough  Corrib.  This  arch  was 
restored  some  years  ago  by  the  late  Sir  B.  L.  Guinness,  Bart.,  the 
missing  stones  being  supplied  by  ashlers  cut  from  similar  stones 
picked  up  along  tbo  shore  of  the  island.  The  old  and  new  stones 
were  so  similar,  that  now,  after  a  lapse  of  thirty  years,  it  is  hard 
to  say  which  are  the  new  ones. 

It  is  hard  to  explain  the  cause  of  the  growing  on  the  sur- 
face of  the  stone  of  the  "  gooseberries.'*  We  learn,  however, 
from  breaking  a  block  that  the  **  pockmarks  "  are  due  to  small 
globular  secretions  of  ferrifero-chloritic  matter,  that  rapidly  de- 
cay even  when  exposed  to  the  air.  After  they  are  gone,  the  rest 
of  the  stone  is  very  durable. 

Sand  and  Gravel.-  -These  in  this  county  are  interesting  as 
well  as  useful.  In  the  low  country,  east  of  Galway  Bay,  and  ex- 
tending northward  into  the  adjoining  coimties,  are  the  Eskers  that 
are  found  more  or  less  continuously  across  the  central  plain  of  Ire- 
land ;  and  where  they  occur  there  is  a  plentiful  supply  of  good 
sand  for  building  purposes,  and  also  gravel  for  road  metal.  Out- 
side the  limits  of  the  plain,  good  pit  sand  can^  be  obtained  at 


Digitized  by  LjOOQ IC 


KiNAHAN— On  Irkh  Arenaceous  Rocks.  667 

Elnooknacarray  near  Bama,  three  miles  west  of  Galway,  and  in 
varions  places  in  the  hills  of  Connemara,  but  more  especially  in 
the  ridges  between  Eylemore  Lake  and  the  sea.  In  the  West 
Galway  hills  there  are  also  in  places  large  accumulations  of  fine 
sandy  loccdly  called  ^'  Babbit  Sand,"  considerable  dunes  of  it  oc^ 
<5urring  in  the  valley  northward  of  Lough  Liagh. 

Li  connexion  with  many  of  the  lakes  there  are  considerable 
accumulations  of  good  sand,  that  at  the  east  end  of  Kylemore 
Lough  being  remarkable  for  its  size,  as  apparently  it  is  quite 
recent.  At  Lough  Gooter,  in  the  south  of  the  county,  is  silicious 
sand  which,  as  in  the  neighbouring  county  of  Clare,  already  men- 
tioned, is  famous  for  its  use  in  the  manufacture  of  scythe-boards. 

In  the  rivers  and  streams  there  are  excellent  sands,  those  of 
the  Gort  river  and  neighbouring  hills  (Slieve  Aughta)  being  su- 
perior. In  the  north  of  the  county  there  is  also  sand  worthy  of 
note  in  the  Erriif  river  that  flows  into  the  Killary,  it  being  of 
good  quality  and  silicious,  being  made  up  of  the  detritus  of  the 
Silurian  sandstones  from  the  adjoining  highlands.  Some  of  these 
sands  appear  to  be  suitable  for  glass  purposes,  although  none  of 
them  ever  seem  to  have  been  so  utilized. 

The  sea  sands  are  of  importance.  Some  are  very  suitable  for 
building  purposes ;  while  in  many  places  along  the  seaboard  are 
tracts  or  dunes  of  blown  sand  {u^olian  drift)  of  greater  or  less 
extent.  All  of  these  are  valuable  as  manure  for  the  boggy  land, 
some  eminently  so,  being  very  calcareous,  containing  from  fifty  to 
seventy-five  per  cent,  of  limy  matter.  In  the  north  Sound,  Gal- 
way Bay,  there  are  banks  of  sea  sand  made  up  of  broken  pieces  of 
nullipores.  Formerly  these  were  extensively  utilized;  but  they 
have  not  been  as  much  sought  after  since  the  introduction  of  arti- 
ficial manure. 

[If  the  bog-land  is  impregnated  witli  iron,  the  bog  muat  be  first  drained  before 
sand  is  applied,  as  otherwise  the  sand  does  more  harm  than  good.  It  changes  the  iron 
into  a  soluble  carbonate,  in  which  state  it  is  sucked  up  into  the  pores  of  the  phmts, 
where  it  becomes  ozidyzed,  and  kills  or  deteriorates  them.] 

KERRY. 

The  geological  groups  in  which  sandstones  and  grits  occur  are 
the  Ordovicianf  Llandovery,  Silurian^  Devonian,  and  Drifi. 

In  the  Dingle  promontory  is  a  narrow  tract  of  Ordovicians, 
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called  by  Jukes  and  Du  Noyer  the  Anasoaol  beds.  Adjoining  ihee» 
are  Silurian,  the  upper  group  of  whioh  has  been  called  the  Dingle  bediy 
and  the  lower  group  the  Smerwick  beds^  the  typical  Silurians  ooour- 
ring  between,  as  other  groups.  The  Smerwick  beds  are  probably  m 
part  the  equivalents  of  the  Llandoyery  or  May  Hill  sandstone. 
These  passage  beds  between  the  Ordovicians  and  Silurians  are  veiy 
similar  in  aspect  and  composition  to  the  Devomans,  or  passage 
beds  {Dingle  beds  and  Olengariff  grits)  between  the  Silurian  and 
Carboniferous,  they  both  belonging  to  the  red  types,  f oimerlj  all 
included  in  the  *^  Lower  Old  Bed  Sandstone." 

[The  term  Old  Red  Sandstone  onoe  included  all  red  or  reddiali  sandy  rocks  ImIov  the 
Carboniferous  limestone ;  but  by  degrees,  group  after  group,  as  geological  knowledge 
increased,  were  given  special  names,  and  separated  from  it,  till  erentually  tke  rocks 
that  remained  were  those  that  lay  between  the  Carboniferous  limestone  and  the  tTpinl 
Silurian.  Now,  howerer,  it  is  learned  that  of  this  remainder  the  upper  portiiA 
belongs  to  the  Carboniferous  and  the  lower  to  the  Silurian,  while  the  intennediate 
passage  beds  are  all  that  remain  to  be  called  either  I^wer  Old  Med  Stmdttom  or  2>w*- 
fitafit.  These  beds  above  the  Silurians,  also  those  below  them  (KaykiU  ttmdttm  or 
Llandovery)^  are  very  similar  in  aspect  and  composition ;  so  that  in  places  one  has  beoi 
mistaken  for  the  other.  This  will  be  referred  to  hereafter  when  deacribing  the  rocb 
the  counties  Mayo,  Roscommon,  and  Sligo.] 

To  the  south-west  of  the  county  are  the  reddish  to  greenidi 
type  of  Silurians  that  have  been  called  Qlengariff  grits.  They  in 
part  represent  the  upper  portion  of  the  Dingle  bedsy  and  in  part 
higher*  strata.  These  Glengariff  grits  graduate  upwards  into  the 
Devonians,  and  the  latter  into  the  Carboniferous.  The  Carbo- 
niferous rocks  in  this  part  of  Kerry,  that  is  in  the  neighbourhood  of 
the  bay  called  Eenmare  river,  are  for  the  most  part  of  the  "  West 
Cork  type,"  they,  except  near  Eenmare,  being  Carboni/eroM 
slate  aiid\Coof)ihoola  grits ;  but  at  Kenmare  there  is  a  small  tract  of 
limestone,  and  lower  limestone  shale  intervening  peculiarly. 

In  the  Dingle  promontory  margining  the  Silurians,  and  lying 
unconf ormably  on  them,  are  Devonians.  These  evidently  are  the 
equivalents  of  the  Devonians  to  the  north  and  south  of  Eenmare 
river,  and  in  the  adjoining  portion  of  Cork ;  but  in  the  south  part 
of  Eeny  and  in  Cork  the  upper  portion  of  the  Glengariff  giits  is 
present,  while  in  the  Dingle  promontory  it  is  absent,  thus  necessi- 
tating the  Devonian  of  the  Dingle  promontory  to  lie  uncomfoim- 
ably  on  the  Silurian  {Dingle  beds).  In  the  neighbourhood  of 
Kerry  Head  there  is  an  isolated  tract  of  Devonians.    The  Devo- 
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nians  of  the  Kerry  Head  distriot  and  Slieye  Miak  graduate 
upwards,  tlirough  the  Lower  Carboniferous  Sandstone  {Yellow 
Sandstone)  and  Lower  Limestone  Shale  into  limestone,  while  to 
the  east  of  the  county,  on  the  latter,  are  the  Coal-measures. 

[The  types  here  are  quite  different  to  those  in  the  Kenmare  Biver  Valley,  except 
as  mentioned,  in  the  yicinity  of  Eenmare,  where  the  rooks  are  allied  to  those  of  the 
north-east.] 

The  sandstones,  espeoially  those  in  the  Devonians  and  Coal- 
measures,  were  much  more  used  in  old  times  than  at  present,  as 
now  limestone  is  generally  preferred  for  cut-stone  purposes.  The 
sandstones  of  the  county  were,  however,  principally  used  in  the 
early  Norman  architecture;  and,  from  these  ancient  structures, 
as  exhibited  at  Ardf ert,  and  in  different  other  ancient  ecclesias- 
tical buildings,  they  seem  capable  of  making  good  and  durable 
work. 

OnDOviaAN. — ^The  grits  and  sandstones  of  this  age  are  not  of 
much  account  at  the  present  time,  except  for  local  purposes,  as 
the  localities  in  which  they  occur  are  more  or  less  inaccessible. 
Some  of  the  early  structures  in  the  area  would  suggest  that  they 
were  capable  of  being  used  in  good  and  durable  work. 

Llandovbby  or  Passage  Beds  {Smertcick  series)  andSiLUBiAN. 
— ^In  the  Smermck  series  there  are  many  excellent  stones  of 
reddish,  purplish,  and  brownish  colour,  none  of  which  are  in 
demand  on  account  of  their  isolated  and  inaccessible  position.  In 
the  groups  next  above  [Ferriter  Cove  and  Croaghmarhin  series)  there 
are  some  good  beds ;  but  in  general  they  do  not  appear  to  be 
eminently  suited  for  cut-stone  purposes ;  but  in  the  highest  group. 
Dingle  beds,  there  are  some  first-class  stones,  suitable  not  only  for 
cut-stone  purposes,  but  for  all  sorts  of  heavy  work,  being  capable  of 
being  raised  in  blocks  of  large  dimensions.  There  is,  however, 
only  a  small  market  for  them,  and  they  seem  to  be  used  nearly 
solely  for  local  purposes.  In  the  county  south  of  Dingle  Bay,  in 
Qlen,  or  the  vaUey  adjoining  St*  Finan's  Bay,  there  is  the  old 
structure  called  after  that  saint.  It  is  a  cloghaun^  or  bee-hive 
house,  bmlt  of  a  fine-grained  sandstone  of  the  locality  {Olengariff 
grits)  y  without  mortar.  The  stones  in  the  interior  of  the  cell  were 
60  neatly  joined  and  put  together,  that  when  visited  some  twenty- 
.five  years  ago  they  presented  a  perfectly  smooth  and  even  sur- 
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face,  while  the  joints  were  so  perfect  that  it  was  nearly  impossible 
to  insert  the  blade  of  a  knife  between  them. 

Minnard.  Seven  miles  from  Dingle. — Red ;  very  fine ;  a  good  i 
colour;  very  durable ;  can  be  raised  in  large  blocks ;  was  used  for  | 
ashlars  and  face- work  in  the  Boman  Catholic  church,  Dingle.  I 

Mr.  Deane  also  mentions  ^'  a  green  stone  in  the  Dingle  dis*  | 
trict,  used  for  building  purposes."  | 

Ventry.  —  Yellowish-brown  ;  compact ;  not  heavy  ;  easily  I 
worked. 

Killamey. — ^Dark-grey;  very  silicious ;  slightly  granular. 

Ballycarherry  (Iveragh). — Purplish-grey;  very  silieiouB;  slightly 
micaceous. 

Devonian  and  Carboniferoxts. — ^These  vary  from  coarse  conglo- 
merates to  a  fine-grained  sandstone  or  grit.  They  are  often  flaggy, 
and  for  the  most  part  are  reddish,  purplish,  or  yellowish  in  colour. 
In  general  they  are  durable,  and  many  of  them  can  be  raised  in 
blocks  of  greater  or  less  dimensions,  being  eminently  suitable  for 
rough  work,  such  as  piers,  bridges,  and  foundations.  They  are 
also  capable  of  producing  good,  sound,  fine  work,  as  exemplified  in 
the  ancient  structures.  Battoo  Bound  Tower,  in  the  Kerry  Head 
district,  appears  to  have  been  built  from  a  hard  quartzose  sand- 
stone, procured  in  the  vicinity ;  and  it  displays  a  cut-stone  band 
round  the  doorway  in  good  preservation. 

In  Derryquin  Castle,  which  is  principally  built  of  the  slate 
rock  of  the  locality,  some  of  the  quoins  are,  to  quote  Wilkinson, 
"  of  a  grey-coloured  sandstone  resembling  pumice-stone,  which  is 
soft,  and  works  in  any  direction,  but  hardens  and  becomes  very 
durable  on  exposure.  It  is  found  in  a  long,  narrow  vein,  adjoining 
the  red  sandstone,  and  occurs  near  the  coast,  continuing  inland 
towards  the  Staigue  fort." 

Poulawaddra  Wood.  Three  miles  from  Tralee. — Bed;  soft; 
fair-working ;  Lord  Eenmare's  castle,  Killamey ;  new  Bailway 
Station,  and  various  houses  in  Tralee. 

Tonenane.  Three  miles  from  Tralee. — Similar  stone  to  that  at 
Poulawaddra;  used  in  both  of  the  Boman  Catholic  Churches, 
Tralee,  and  other  smaller  structures. 

There  are  other  smaller  quarries  in  Slieve  Mish  besides  those 
mentioned.    Mr.  W.  H.  Deane,  County  Surveyor,  considers  the 
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sandstones  to  be  easier  worked  than  the  limestones,  but  not  aa 
durable. 

From  near  Glenbehy  were  procured  the  stones  for  the  ashlar 
work  in  Aghadoe,  Lord  Headly's  -mansion,  near  Killamey,  built 
isome  fifty  years  ago. 

CoAL-MEASTTBBs. — As  already  mentioned,  there  are  excellent 
stones  in  places  in  this  area,  but  now  in  general  superseded  by  the 
limestone.  At  Barleymount  is  a  quarry,  from  which  the  stone  was 
taken  for  walling-in  Aghadoe  mansion. 

Armagh.  North  of  Milltown. — A  quarry  in  a  good  brown 
stone. 

In  different  places  in  the  '^  Flagstone  series,"  near  the  base  of 
the  Coal-measures,  flags  have  been  raised.  They  are  not,  how- 
ever, as  well  developed  as  in  the  Co.  Clare,  to  the  north  of  the 
Shannon ;  while  there  is  nearly  invariably  a  considerable  '^head"  of 
drift,  that  makes  them  expensive  to  quarry ;  consequently,  they 
are  rarely  looked  after,  it  being  cheaper  to  use  the  ^^  Clare  flags." 
At  Ballylongford  there  are  fair  flags,  with  black  shale  partings,  at 
one  time  quarried  for  the  general  markets ;  while  elsewhere  are 
small  quarries,  that  were  opened  for  local  purposes. 

Sand  and  Gravbl. — Pit  sand  and  gravel  occur  near  Kenmare, 
near  Tralee,  and  in  the  neighbourhood  of  Killarney ;  while  good 
river  sand  is  procurable  in  most  of  the  rivers  and  streams,  especially 
those  having  their  source  in  Slieve  Mish,  which  cany  down  a  red, 
sharp,  clear  sand,  used  extensively  in  Tralee. 

In  several  places  on  the  coast  of  Tralee  Bay  is  a  sea  sandy 
which  is  used  in  Tralee  with  the  stone  saws  for  cutting  blocks. 

^olian  sand  dunes  occur  in  places  along  the  coast.  Formerly 
the  calcareous  varieties  of  these  sands,  as  also  the  shell  sands 
dredged  up  in  the  bays  and  the  estuary  of  the  Shannon,  were 
highly  valued  as  manure,  especially  for  boggy  land.  These  used 
to  be  carried  for  great  distances  inland  on  horseback,  even  across 
the  hills  into  the  Co.  Limerick. 

Glass. — There  seems  to  be  no  records  of  glass  being  manufac- 
tured in  this  county,  although  some  of  Ihe  fine  sands  from  the 
Devonian  hills  seem  well  suited  for  the  purpose. 
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inTi'DATlK. 

In  this  county  there  are  not  any  sandstones  that  are  now  mA 
for  cut-stone  purposes,  while  the  places  in  which  sandstones  oconr 
are  of  very  limited  extent. 

Stones  required  for  dressed  or  out  purposes  are  obtained  from 
the  limestone  quarries  at  some  distances,  or  from  the  granite 
range  in  Widdow  or  Garlow. 

In  the  Ordovigians  to  the  east  margin  of  the  county,  and  in 
the  small  protrudes  at  the  Chair  of  Sjldare  and  Bed  Hill,  there 
are  some  subordinate  grits  and  sandstones ;  while  there  are  Gar* 
BONiFSROUs  conglomerates  and  sandstones  margining  them  in 
places,  and  coming  in  from  the  Co.  Dublin,  at  the  Hill  of  Lyons» 
to  the  southward  of  Celbridge.  At  Newtown,  some  miles  west 
of  Maynooth,  in  an  outlying  patch  of  Coal-msasubes,  there  are 
also  some  subordinate  beds  of  giit. 

Carboniferous. — RedHill^  a  quany  at  the  northern  end. — Bed 
conglomerate ;  formerly  quarried  for  millstones. 

Hill  of  Allen. — Gbits ;  formerly  eictensively  quarried  for  mill- 
stones. 

BMindolan.  North  of  Edenderry. — ^Blackish  flags ;  argiUaoeous 
and  slightly  calcareous ;  used  in  Edenderry,  King's  County. 

Sand  and  Gravel. — ^These  are  common  everywhere  in  the  low 
country ;  but  some  of  the  sands  require  to  be  washed  before  being 
used  for  building.  In  plfiU3es  there  is  a  sand  with  a  latent  calca- 
reous cement :  this,  when  opened  in  the  pits,  stands  with  a  perpen- 
dicular wall,  which  does  not  weather  or  slip.  This  sand  is  valuable 
as  a  manure,  and  formerly  was  extensively  used. 


KILKENNY. 

To  the  south-west,  coming  in  from  the  Co.  Tipperary,  and  to 
the  south-east,  coming  in  from  the  Counties  Wexford  and  Water- 
ford,  are  limited  tracts  of  Ordovicians  (P),  in  the  latter  partly  altered 
and  associated  with  granite  intrusions;  while  margining  these 
areas  are  Carboniferous  Sandstones.  To  the  north  of  the  county  are 
Coal-measures,  part  of  Slieve-Margy,  but  now  more  generally 
known  as  the  Castlecomer  Coal-field. 
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In  this  ooiinty,  as  bo  oommon  elsewhere  in  Ireland,  sandstone 
formerly  was  extensively  used,  but  afterwards  was  superseded  by 
limestone.  As  pointed  out  by  Wilkinson,  the  anoient  struotures 
testify  to  the  beautiful  finished  and  durable  work  the  stones  were 
capable  of  producing,  as  specially  exhibited  in  the  exquisite  door- 
way of  the  churoh  in  Ealleshin  Glen,  a  little  south  of  the  road 
from  Garlow  to  Castleoomer.  Aocording  to  Wilkinson,  the  looal 
sandstone  was  used,  and  this  doorway,  as  also  the  doorway  of  the 
Bound  Tower,  Timahoe,  Queen's  Coxmty,  were  "  evidently  con- 
structed by  the  same  workmen/' 

The  same  authority  states  that  the  columns,  mouldings,  and 
other  dressings  in  Jerpoint  Abbey  also  show  what  the  Carboniferous 
Sandstones  are  capable  of  being  put  to.  Its  dressings  are  of  the 
Lower  Carboniferous  Sandstone  from  the  neighbourhood,  and  still 
show  the  chisel  marks  after  seven  hundred  years.  It  ia  generally 
believed  that  the  stone  was  got  within  a  mile  of  the  Abbey,  where 
there  are  any  amount  of  blocks  on  the  surface. 

On  the  authority  of  Wyley,  it  is  stated  that  the  sandstone 
in  Jerpoint  Abbey  was  procured  in  the  southern  portion  of  the 
townland  of  Ballyhowra.  "  The  stone  is  very  soft,  composed  of 
grains  of  quartz  and  earthy  felspar,  with  mica  to  a  small  amount.'^ 
*'  The  tradition  is  that,  when  the  particular  beds  of  stone  were 
roaohed,  they  were  wrought  underground  in  the  form  of  a  tunnel." 
He  considers  the  stone  unfit  for  outside  work.  Wyley,  in  referr- 
ing to  the  ruins  of  an  old  church  half-way  between  Knocktopher 
and  Newmarket,  states  that  the  stone  is  similar  to  that  used  in 
Jerpoint,  but  that  it  may  have  been  procured  either  in  the  Elnock- 
topher  or  Newmarket  quarries.     ((?.  8,  M.) 

As  mentioned  by  Mr.  Langri^,  "  Brownstone  House,"  on  the 
left  bank  of  the  Nore,  between  Thomastown  and  Inistioge,  is  built 
of  a  highly  silicious  stone  of  the  district,  greenish  to  purplish  in 
colour,  hard  to  cut,  but  looks  very  well.  Some  of  the  dressings  of 
Inistioge  Abbey,  foimded  1262,  are  of  this  stone  and  of  the  hard 
purple  conglomerate  which  shows  in  Coolnahan  Mountain,  between 
Inistioge  and  Waterford.  It  is  remarkable  how  shallow  the 
mouldings  were  in  comparison  with  those  cut  in  the  limestone. 
At  CoalcuUen,  in  the  Coal-measures,  about  four  miles  from  Castle-* 
comer,  is  a  stone  of  a  light-brown  tint,  and  easily  worked;  it 
waa  largely  used  in  the  restoration  of  St.  Canice's  Cathedral, 
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Eilkenn J.  A  similar  stone  oconis  near  Bosenallis,  at  the  foot  of 
Slieve-Bloom.  Both  are  exoellent  for  inside  work.  The  fine-cut 
stone  house  of  Castletown,  near  Garrick-on-Suiry  built  by  Arch- 
bishop Cox  more  than  one  hundred  years  ago,  has  the  south  front 
of  a  darkish  sandstone,  apparently  got  in  the  neighbourhood. 
The  Goolnahan  conglomerate,  aboye  mentioned,  rises  in  large 
squared  blocks,  eminently  suitable  for  the  coping  of  quay  walls 
and  such  like  works,  as  do  also  the  locks  in  the  glen  at  Gatsrock, 
near  Tory  Hill. 

Aghavaller  Hound  Tower  is  built  of  a  brown,  slaty-textnied 
grit  stone,  in  irregular  courses. 

OnooyiaAN. — The  grits  and  sandstones  in  this  group  are 
almost  invariably  hard  and  splintery,  not  being  adapted  for  cut- 
stone  purposes.    They  are,  however,  used  for  rough  local  work. 

Garboniferous. — ^Very  exoellent  stones  occur  in  various  places 
both  in  the  Lower  Carboniferous  Sandstone  and  in  the  Coal-measum^ 
as  just  now  mentioned.  The  hill  of  Drumdowney  was  formerly 
famous  for  its  millstones,  which  were  said  to  be  equal  to  the 
French,  They  were  sent  by  water  to  England,  Dublin,  Cork, 
Waterford,  and  elsewhere.  Some  of  the  largest  were  5  feet  in 
diameter,  and  16  inches  in  the  eye.  They  were  shipped  with  ease 
on  the  Barrow,  at  the  base  of  the  hill.  The  last  stones,  wrought 
about  1876,  are  in  Saul's  Mills,  near  the  locality.  On  the  same 
hill  there  was  also  a  vein  of  white  stone,  fit  for  all  out-stone  pur- 
poses of  small  dimensions. 

Lower  Garbonifbrous  Sandstone. — Baunhree,  Near  Soagh 
cross-roads,  four  miles  from  Garrick-on-Suir. — Brown,  reddish,  and 
yellowish ;  kind ;  apparently  durable ;  used  in  the  Koman  Catholio 
ohurch  at  Tallaghast. 

Annefieldy  or  Tuliynacranny,  and  Oldcourt  Five  miles  from 
Garrick-on-Suir. — ^Yellowish.  The  stones,  except  the  quoins,  which 
are  limestone,  for  Pilltown  New  Ghurch  were  got  from  BregauB 
Hill,  near  the  Annafield  plantation. 

Drumdoney.    Four  miles  from  Waterford. — Eed  sandstone. 

Mr.  P.  Burtchael,  Gounty  Surveyor,  points  out  that,  although 
there  are  now  no  quarries  open,  good  stone  ought  to  be  procurable 
from  the  Lotoer  Carboniferous  Sandstones  in  the  neighbourhood  of 
Thomastown,  Jerpoint,  Eiltorcan,  and  Gallan,  as  attested  by  the 
ancient  ecclesiastical  and  other  structures.    At  Goolhill,  near  Eil- 


Digitized  by  LjOOQ IC 


EiNAHAN — On  Irish  Arenaceous  Bocks.  575- 

lamery,  there  are  conglomerates  suitable  for  rough  work ;  while  at 
Kilznagaimy  there  is  a  nioe,  durable  yellow  stone,  used  for  cut-^ 
stone  purposes  in  the  entrance  gate,  Eossenarra,  and  in  houses  in 
the  Tillage. 

In  the  Lower  Goal-measures  at  Shankilly  Eellymountj  and) 
Conahf/,  are  procured  the  flags  known  as  Carlow  Flags,  on 
account  of  their  being  carted  to  that  town,  and  sent  from  thence^ 
bj  water  to  the  different  markets.  The  Shankill  flags  were 
considered  the  best,  and  ranged  in  thickness  from  4  inches  to- 
half  an  inch.  They  could  be  raised  as  large  as  12  or  14  feet 
square,  but  in  general  from  8  to  10  feet  long,  and  3  to  4  feet  wide. 
At  Kellymount  the  flags  were  very  similar,  but  of  a  Ughter  colour. 
At  Gonahy  they  were  considered  inferior.  Some  of  them  were  so 
thin,  that  formerly  they  were  used  for  roofing.  Formerly  there 
was  a  very  extensive  trade  in  these  flags;  but  as  the  *^  clearing" 
or  ''baring''  increased  on  the  flag  strata,  so  did  the  expense  of 
getting  them,  and  they  were  undersold  by  other  flags.  Since  then 
the  introduction  of  asphalt  and  other  artificial  footways  has  greatly 
lessened  the  demand  for  all  fiags  here  and  elsewhere. 

In  Gonahy,  as  pointed  out  by  Mr.  Burtchael,  some  of  the 
stones  have  natural  dressed  surfaces  (^^  edgers"),  which  show  well 
as  quoins  or  facings,  haying  the  appearance  of  ^^  nice  square  cut- 
stone  blocks." 

Siltown.  Half  a  mile  from  Castlecomer. — Yellow  and  grey  ; 
durable ;  easily  worked ;  used  in  the  Boman  Catholic  Church  and 
the  wing  of  the  Wandesforde  mansion,  Castlecomer. 

Cooicullen.  Five  miles  from  Castlecomer,  and  nine  from 
Carlow. — Yellowish,  kind,  and  works  easily.  Used  in  interior 
work  during  the  restoration  of  St.  Canice's  Cathedral,  Kilkenny, 
and  recent  work  at  Freshford  Church.  Mr.  Burtchael  points  out 
that  the  carvings  of  the  ancient  doorway  of  Freshford  Church 
are  greatly  worn  and  disintegrated,  the  stone  apparently  being 
like  the  CoolouUen  stone. 

Bed  Sandstone  from  the  vicinity  was  used  in  Thomastown 
Abbey  for  the  capitals  of  the  pillars  between  the  nave  and  side 
aisle.  On  them  the  carved  foliage  is  much  weathered,  having 
been  for  centuries  exposed  to  the  elements,  although  originally 
under  cover.  {J.  G.  Robertson,)  Mr.  Eobertson  points  out  that, 
in  St.  Canice's  Cathedral,  Gtraigue-na-Managh  Abbey,  Jerpoint 
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Abbey  (P),  and  Grenan  Castle,  in  this  county,  the  stone  is  the 
same  as  that  so  largely  used  in  Christ  Churoh,  Dublin,  and 
in  the  Co.  Wexford,  in  St.  Mary's  New  Boss,  and  in  Bannow 
Churoh. 

Sand  and  Gravel. — Gh)od  pit  and  river  sand  is  very  general 
throughout  the  county. 

According  to  Mr.  Langrish,  the  best  sand  in  Kilkenny  ]&  in 
the  valley  of  the  Nore,  at  the  town.  There  are  good  banks  elfle- 
where  along  the  river,  but  near  Thomastown  it  is  mixed  with  day. 
The  fine  sand  for  the  Kilkenny  Marble  Works  is  procured  oat  of 
the  Nore  at  Three  Castles,  four  Irish  miles  from  the  town. 

Mr.  Burtchael  points  out  that  excellent  pit  sand  was  got  at  the 
site  of  the  new  glebe-house,  Filtown*  while  the  adjoining  town- 
land  is  called  ^^  Sandpits.''  Gh)od  sand  is  also  to  be  obtained  near 
Ooresbridge,  Inisnag,  Thomastown,  Castlecomer  demesne,  and 
Massf ord ;  Eiltormer,  near  Callan ;  also  Ballincreas,  about  five 
miles  from  Waterford,  Ballylusky,  one  mile,  Ballida,  two  miles, 
and  Knockhouse,  three  miles  from  Mullinavat  or  Kilmacow  Bailway 
Station ;  Bally hahy,  between  four  and  five  miles  from  New  Boss; 
and,  in  fact,  very  generally  over  the  county. 

In  a  cave  at  ServiUe  Lodge,  one  mile  from  Eilkenny,  on  (lie 
Callan  road,  is  a  very  fine  sand,  but  quantity  very  smalL 

A  sand  with  a  calcareous  cement  was  formerly  most  extenavely 
used  as  manure;  some  of  the  pits  are  so  extensive,  that  it 
has  been  calculated  that  they  have  been  worked  for  at  least  one 
thousand  years.  A  sand,  considered  spedally  good  on  hilly  ground, 
was  known  as  Kilmaeow  sandy  probably  from  having  first  been  found 
or  used  in  that  neighbourhood. 

Along  the  tidal  portions  of  the  Nore  and  Suir  there  is  a  large 
tract  of  what  is  called  manure  sand,  which  used  to  be  loaded  into 
barges  at  low  water  out  of  the  banks.  It  contains  a  large  p6^ 
centage  of  very  fine  sand,  and  was  good  for  heavy  soils* 


KING'S  COUNTT. 

The  principal  localities  for  arenaceous  rocks  are  the  Ordomeimis 
and  overlying  Carboniferous  Sandstones  (Upper  Old  Bed)  in  the 
portion  of  Slieve-Bloom  that  comes  into  the  south-east  of  thia 
county.    To  the  south  of  the  county,  in  the  vioiiuty  of  MaiifljgaU» 
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ooming  in  from  the  Co.  Tipperary,  are  small  tracts  of  similar 
rooks;  while  at  the  western  mai^gin  there  are  sandstones  on  the 
eastern  flank  of  Knooksheegowna,  that  may  extend  into  this 
oomity. 

At  the  present  time  none  of  these  stones  are  in  demand  for 
out-stone  purposes,  although  some  of  them  are  eminently  suitable, 
and  were  used  in  the  ancient  structures.  In  the  ecclesiastioal 
settlement  at  Clonmacnoise,  although  in  the  limestone  district,  and 
close  to  an  excellent  stone  of  that  class,  sandstones  of  a  thin,  flat- 
bedded  character  were  used  in  some  of  the  churches,  while  the  old 
crosses  were  wrought  out  of  a  fine-grained  quartzose  sandstone. 
This  is  interesting,  because,  although  in  places  such  as  Clojme 
{Co.  Cork),  Cashel  (Co.  Tipperary),  and  elsewhere,  the  first  structures 
were  built  of  the  local  sandstone,  in  the  subsequent  ones  limestone 
brought  from  a  distance  was  used. 

Carboniferotjs. — Kinnity. — ^In  various  places  more  or  less 
near  this  town,  along  the  north-west  flanks  of  Blieve-Bloom,  are 
small  quarries.  In  some  quarries  the  stones  are  from  1  to  4  feet 
thick,  and  are  capable  of  beiug  easily  worked.  In  other  quarries 
there  are  flags  of  a  warm  yellowish  colour,  that  are  excellent  for 
inside  work,  as  they  are  capable  of  being  finished  so  finely  as  to 
give  an  even  surface,  in  which  the  joints  are  scarcely  perceptible. 
At  Gurteen,  about  nine  miles  from  Boscrea,  flags  are  raised  for 
use  in  that  town ;  they  vary  from  1*5  to  3  inches  in  thickness. 

The  monument  to  the  Duke  of  Cumberland  in  the  public 
square  of  Birr,  or  Farsonstown,  is  of  sandstone  from  the  Blieve 
Bloom  district,  but  whether  from  bad  construction  or  bad  selection 
of  the  stone,  it  does  not  now  give  a  good  appearance. 

Sand  and  Gravel. — ^The  Eskers  are  numerous  in  this  county, 
and  they  supply  an  unlimited  quantity  of  good  sand ;  also  excellent 
gravel  for  road  metal.  The  limestone  gravel  is  much  used  for 
manure,  the  best  being  found  in  hillocks  or  at  the  foot  of  the  hills. 
This  gravel,  when  burnt  in  heaps  with  the  paring  of  the  bogs, 
gives  a  very  rich  manure  for  tillage. 

Glass  was  f ormerly^extensively  manufactured  in  Birr,  or  Par- 
fionstown ;  but  when  Lewis  wrote,  in  1837,  only  the  ruins  of  the 
glass-house  remained. 

In  1652  Boate  wrote :  *^  Several  glass-houses  set  up  in  Ireland ; 
none  in  Dublin  or  other  dtiesi  but  all  of  them  in  the  country ; 
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amongst  which  the  prindpal  was  that  of  Birre,  a  market  town^ 
otherwise  called  Parsons-town,  after  one  Sir  Laurenoe  Parsons. 
.  .  .  From  this  plaoe  Dublin  was  formshed  with  all  sorts  of 
window  and  drinking  glasses,  and  suoh  others  as  oommonly  are  in 
use.  One  part  of  the  materials,  viz.  the  sand,  they  had  out  of 
England ;  the  other,  to  wit,  the  ashes,  they  n^e  in  the  place,  of 
Ashtree,  and  used  no  other.  The  chief  est  difficulty  wss  to  get  the 
clay  for  the  pots  to  melt  the  materials  in ;  this  they  had  out  of  the 
North." 

LEITBIM. 

At  the  south-east  of  the  county,  margining  Longford  and 
Cavan,  also  in  a  small  exposure  near  Brumod,  are  Ordavieians,  on 
which  reposes  the  Latoer  Carboni/eraue  Sandstone.  A  small  exposure 
of  Silurians^  associated  with  Lower  Carboniferous  Sandstone^  occurs 
near  Drumshambo,  to  the  south  of  Lough  Allen :  adjoining  that 
lake  there  is  a  considerable  tract  of  Coal-measures^  a  portion  of 
the  CoMNAtJOHT  Coal-field;  while  farther  northward  there  ia 
a  small  outlying  patch  of  sinular  rocks  to  the  south-west  of  Lough 
Melvin.  To  the  west,  coming  in  from  the  Go.  Sligo,  is  a  ridge  of 
metamorphic  rooks  running  north-east  to  and  past  Manorhamilton. 
These  rocks  haye  been  said  to  be  Laurentian,  but  this  is  highly 
improbable  (page  517) ;  and  for  the  reasons  given  when  describing^ 
the  Donegal  rocks  (page  548),  it  is  probable  that  they  are  the 
equivalents  of  the  Arenig  or  Cambrian. 

Areniq  (P)  ob  Cambrian  (P). — These  rocks  consist  of  green 
quartzyte  and  other  schists.  None  of  the  quartzyte  is  suited  for 
cut-stone  purposes,  but  it  may  be  used  for  flags,  in  rough  work,  or 
for  road  metal. 

Ordovician. — Some  of  the  grits  and  sandstones  belonging  to 
this  group  seem  not  to  be  suited  for  cut-stone  purposes,  but  looally 
they  are  used  for  rough  work. 

Silurian. — There  is  only  a  very  small  area  occupied  by  these 
rocks.  Good  stone  can  be  procured  in  quantity  in  some  places,. 
but  they  are  not  sought  after ;  they  are,  however,  used  for  local 
purposes. 

Carboniferous. — In  places,  but  especially  in  the  south  of  the 
county,  the  strata  adjoining  the  older  rooks  are  reddish  or  purplish 
in  colour,  and  range  from  conglomerates  to  fine  sandstone.    Some 
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Wis,  however,  here  and  elsewhere  are  lighter  in  colour,  being  grej 
and  yellow. 

Oreenan.  Four  miles  from  Mohill,  loose  masses  of  sand- 
stone. Between  four  and  five  miles  from  Mohill  there  are  several 
quarries  in  whitish  and  brownish-yellow  stone,  from  wbioh  Icurge 
blocks  can  be  obtained. 

Between  Dromod  and  Drumsna,  eastward  of  the  road,  are 
different  quarries.  Whitish,  clean,  even-grained,  quartzose,  thick- 
bedded  ;  irregularly  jointed  but  very  large  squared  stones  can 
be  obtained;  it  dresses  well,  but  is  hard  to  work.  This  is  not 
much  used ;  but  the  ashlars,  groins,  and  sills  for  the  Aughamore 
Itoman  Catholic  church  were  obtained  here,  and  have  produced 
sharp  and  durable^  work. 

Cioonmorris.  Between  Dromod  and  Newtownforbes. — School- 
house,  rubble  and  walling ;  free-working  and  durable. 

Crummy.  North-east  of  Oarrick-on-Shannon. — School-house, 
rubble  and  walling;  very  free-working  and  durable;  dressing 
from  Greeve  (limestone),  Co.  Meath. 

Cumaganj  Parish  of  Fenagh. — A  quarry  once  well  known  for 
its  millstones. 

Killea.  Seven  miles  from  Manorhamilton. — Stones  vary  in 
oolour  and  composition.  The  best  is  whitish.  Fine-grained,  sili- 
oious,  works  freely ;  large  blocks  can  be  obtained.  Other  beds 
are  greyish,  slightly  argillaceous  or  micaceous.  The  quarry  was 
largely  worked,  but  expensive,  on  account  of  a  heavy  bearing,  and 
the  upper  stones  being  deteriorated  by  stains. 

Olen/am,  Nine  miles  from  Manorhamilton. — Greyish-white, 
coarse-grained,  silicious,  argillo-silicious  cement,  works  well. 

In  various  localities  in  tibie  Coal-measure  hUls  there  are  said  to 
be  good  stones;  but  they  are  difficult  of  access.  In  places  are 
seams  of  thin-bedded  sandstone  suitable  for  flagging,  the  natural 
surface  being  quite  even,  and,  as  they  are  hard,  they  are  very 
durable.  The  flags  from  the  Arigna  Hills  have  been  used  in 
Garrick  and  Mohill,  and  those  from  Glenfam  in  Manorhamilton. 

Sand  and  Gravel. — In  the  country  to  the  eastward  of  the 
Shannon  the  pit  sand  in  general  is  good ;  but  westward  of  that 
river,  for  the  most  part,  it  is  inferior. 

Good  river  sand  occurs  in  different  places  all  over  the  area,  but 
often  in  limited  quantities. 
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JJMXBICK, 

To  the  east  of  the  oountj,  coming  in  from  Tipperarj,  are 
Ordovicians^  overlaid  by  Lower  Carboniferous  Sandstone.  AIbo  to 
the  south  of  the  ooimty,  in  Slieve-na-Muok  and  the  Gbtltees,  theire 
are  Ordovician  exposures,  with  Lower  Carboniferous  Sandstone  mar- 
gining. In  the  plain  of  Limeriok  are  a  few  outlying  exposures 
of  the  latter  rocks ;  while  in  places  in  the  limestone,  as  adjuncts 
of  the  subordinate  inlying  traps,  are  tuffose  sandstones. 

To  the  west  of  the  county  are  Coal-measures,  a  part  of  the 
MuKSTKR  Goal-field,  while  small  outliers  of  similar  rocks  are 
found  at  Ballybrood  and  81ieve-na-Muck. 

Ordovician. — The  grits  in  this  group,  as  elsewhere,  are  of 
little  value  for  cut-stone  purposes,  although  useful  locally. 

Carboniferous. — These  range  from  a  conglomerate  to  fine 
sandstone  and  grit.  Although  not  now  much  in  demand,  in  places 
there  are  superior  stones  in  the  Lower  Carboniferous  Sandstone. 

Boon. — In  this  neighbourhood  there  is  specially  fine  freestone, 
which  at  one  time  was  largely  shipped  to  England  and  other 
places.  The  stone  is  tough,  equal  to  heavy  bearings,  and  can  be 
raised  in  long  scantlings — on  which  account  very  suitable  for  staijp- 
cases.   It  was  used  for  the  staircases  in  Clarina  and  Adare  manorB. 

Glenstal  Castle  was  built  of  a  good  whitish  stone  procured  in 
the  neighbourhood  of  Morroe. 

St.  Oswald's,  near  Ballingarry,  was  built  with  stone  procured 
from  Knockfierna.  Some  of  the  stones  in  the  quarry  were  eaaly 
worked,  while  other  beds  were  as  hard  as  flint.  The  house  has 
been  built  over  thirty  years,  and  Captain  Wilkinson  states  the 
stones  seem  to  have  hardened.  Stone  from  near  this  quany  was 
used  in  the  Ballingarry  Court-house  and  Church,  but  not  for  cot- 
stone  purposes.  Mr.  Horan,  County  Surveyor,  is  of  opinion  that 
good  stone  might  be  got  in  this  hill  if  a  quarry  was  opened  suf- 
ficiently. At  present  the  stone  is  principally  used  for  rubble  work. 
Near  Kilnieady  there  are  quarries  in  sUicious  grits.  In  the  Slieve- 
na-Muck  range,  near  Galbally,  fair  stones  might  be  procured. 

At  places  in  the  limestone  associated  with  the  intruded  and 
bedded  igneous  rocks  are  tuffs,  that  range  from  massive  agglo- 
merates through  conglomerates  into  fine  sandstones,  often  oalc*- 
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reous.  They  are  purplifih,  reddish,  and  greenifih  in  colour.  Where 
fine-grained  they  cut  easily  and  well,  but  are  not  durable.  A 
green  variety,  raised  out  of  an  adjoining  quarry,  was  extensively 
used  in  the  building  for  the  new  railway  station  at  Limerick. 

An  agglomerate,  that  rises  in  massive,  squarish  long  blocks, 
was  used  in  the  ancient  megalithic  structures  in  the  neighbourhood 
of  Lough  Gur. 

In  general  the  Coal-measure  grits  are  very  quartzose,  and  hard 
to  out  or  dress,  and  are  not  favourably  thought  of.  They  have, 
however,  been  used  in  many  of  the  bridges.  In  places  there  are 
excellent  flags,  similar  to  those  imported  from  Money  Point,  Co. 
Clare.  These  have,  to  some  extent,  been  worked  in  the  neigh- 
bourhood of  Athea,  and  also  at  Bama ;  and  the  latter  were  used 
in  NewcEwtle  and  Eathkeale.  When  first  raised,  they  are  soft 
^nd  easily  tooled,  but  afterwards  they  become  very  hard.  They 
«lso  occur  in  the  hills  near  Glin. 

Sand  and  Gravel. — Pit  sand  occurs  in  the  neighbourhood  of 
Limerick,  near  Kilmallock,  near  Bathkeale,  and  in  other  places. 
"Good  river  sand  can  be  procured  from  the  Shannon  above  Lime- 
rick, in  the  Deel  river,  near  Newcastle,  and  in  greater  or  less 
-quantities  in  the  mountain  streams.  Shell  sand  for  manure  was 
formerly  procured  from  the  estuary  of  the  Shannon.  There  are 
also  in  places,  at  about  the  240  feet  contour  line,  accumulations  of 
gravel  suitable  for  road  purposes. 


LONBOKDBBBT. 

The  sandstones  occur  in  the  Ordovkiany  Llandovery  [?)y  Silurian^ 
Carboniferous^  TriassiCy  and  Jurassic  groups.  To  the  south  of  the 
<50unty,  coming  in  from  the  Co.  Tyrone,  are  older  rocks,  probably 
the  equivalents  of  the  Arenig  or  Cambrian^  that  are  metamorphosed 
into  gneiss  and  schists. 

Ordovicians  and  Llandovery  (?). — These  are  more  or  less 
metamorphosed.  Some  of  the  less  altered  sandstones  cut  fairly 
well,  but  are  not  in  request,  as  better  stone  can  be  procured  in  the 
Carboniferous.  A  peculiar,  finely-laminated  sandstone  {book  or  leaf 
sandstone) ;  is  very  good  for  walling  purposes,  and  has  been  exten- 
fiively  used  in  the  neighbourhood  of  Derry. 

Prehen  (Derry). — Bluish;  of  a  slaty  nature.    Does  not  stand 
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well,  exoept  on  the  beda,  as  it  is  liable  to  peel  and  to  break  at  the 
joints.  Used  in  the  Public  Offioesy  Diooesan  Seminary^  Foyle 
College,  Qwjnn's  Institution,  Boman  Catholic  Cathedral,  &o. 

Silurian. — The  rocks  belonging  to  this  formation  are  of  the 
'*  Lower  Old  Bed"  type,  being  reddish  and  purplish  conglome- 
rates and  sandstones.  They  occur  to  the  west  and  south-west  of 
Draperstown.    They  are  not  a  desirable  stone. 

Carboniferous. — There  are  some  first-class  stones  in  these 
rocks,  as  hereafter  mentioned.  They  have  not,  however,  been  as 
much  in  demand  as  they  ought  to  be,  on  account  of  the  expense  of 
land  carriage,  which  has  allowed  them  to  be  cut  out  of  the  market 
by  stone  imported  from  Scotland. 

These  stones  range  from  coarse  quartzose  conglomerates  into 
fine  silicious  grits  and  sandstones  of  yellowish  shades.  The  latter 
are  easily  worked  when  first  quarried,  and  harden  on  exposure. 
They  are  good  for  both  inside  and  outside  work,  and  in  the  old 
buildings,  in  which  they  were  very  generally  used,  they  exhibit 
their  soundness  and  durability. 

Qort^a-hurkj  near  Maghera. — Creamy-white,  with  subordinate 
greenish  beds ;  very  silicious,  granular,  but  little  oement ;  does 
not  work  freely.  The  beautifully  and  elaborately  sculptured  door- 
way of  Maghera  ancient  church,  wrought  out  of  this  stone,  proves 
its  eminent  durability.    It  has  been  used  in  Magherafelt. 

Fallagloon  and  JRanaghan,  Three  to  four  oodles  north-west  of 
Maghera. — Flags,  tombstones,  door-steps,  sills,  and  scythe-stones 
procured  in  different  places ;  principally  worked  near  the  road  to 
the  south  of  Banaghan. 

Caniamoney  (Moyala  river).  Four  miles  south-westward  of 
Maghera. — Grey  and  yellowish,  silicious;  easily  worked;  used  for 
tombstones,  sills,  quoins,  &c. 

Drumard.  Near  Draperstown. — Bluish.  This  stone,  some 
years  ago,  was  opened  on  by  the  Grahams  of  York-street,  Belfast, 
and  was  considered  by  Mr.  A.  P.  Sharpe,  of  Dublin,  to  be  a  first- 
class  stone.  At  that  time,  however,  on  account  of  backward  situa* 
tion,  and  the  great  expense  of  getting  the  stone  from  the  quarry 
to  the  market,  the  enterprise  had  to  be  abandoned. 

At  one  time  the  stones  from  this  part  of  the  county  were  in 
considerable  demand,  and  were  carted  to  Ballyronan,  on  Lough 
Neagh,  where  they  were  shipped  to  Belfast  and  other  places. 
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Drumquin, — Tellowiah,  fine-groined,  works  freely;  when  raised, 
very  wet,  but  dries  on  exposure ;  not  very  durable.  This  stone 
was  formerly  much  used  in  Coleraine  and  limavady. 

AUnuwer.  West  of  Dungiven. — Various  quarries,  varying 
from  white  and  creamy  to  reddish  greenish-grey;  semi-crystal- 
line ;  argiUo-silioious  cement ;  some  beds  with  sand  holes.  Thin- 
bedded  stones  used  as  flagging  in  Limavady. 

From  these  and  other  quarries  are  procured  the  stones  known 
as  the  Dungiven  stone;  and  in  these  different  quarries  special 
beds  must  be  better  than  others,  as  there  is  a  diversity  of  opi- 
nion as  to  its  quality.  From  a  quarry  then  known  as  "  Bally- 
hagan"  were  procured  most  of  the  stones  for  the  Bishop  of  Derry^s 
(Lord  Bristol's)  palace  at  Ballyscullion ;  but  the  portico  was  built 
of  Ballycastle  (Co.  Antrim)  stone  (page  532).  To  the  north  of 
Dungiven  a  quarry  has  been  opened  of  late  years,  from  which  a 
very  superior  stone  is  procured. 

Of  the  stone  sent  to  the  Belfast  district  Mr.  Grey  states: 
'''This  is  very  excellent  stone,  of  light  colour,  free  from  iron, 
very  durable,  hammers  and  tools  well ;  works  freely  for  dressings, 
«ills,  and  quoins,  as  well  as  for  rubble  work.  Has  been  used  in 
l/oleraine  Church ;  in  Parish  Church,  Northern  Bank,  and  Pres« 
byterian  Church,  Ejilrea;  Protestant  Hall,  Belfast;  and  in  the 
Ooastguard  Stations  at  Moville  and  Bathmullen,  for  quoins,  sills, 
«nd  dressings.'' 

They  have  also  been  used  in  the  Diocesan  Seminary,  London- 
deny  ;  in  the  Lunatic  Asylum  {see  Qortnagluck  Listy  Co.  ^rone, 
page  608) ;  in  St.  Colimib's  Cathedral  and  the  Boman  Catholic 
Parochial  Hall.  The  Provincial  Bank,  Ballyshannon,  Co.  Donegal, 
was  to  have  been  faced  and  dressed  with  Mount  Charles  stone ; 
but,  when  it  was  half  up,  the  supply  seems  to  have  failed,  and 
the  cut-stone  in  the  upper  portion  is  from  Dungiven.  Of  the 
latter  Mr.  J.  Cockburn  writes :  "  The  stones  seem  to  have  been 
<»refully  selected,  as  they  are  better  than  most  specimens  of  it  to 
be  seen  elsewhere  in  evenness  of  texture,  firmness,  uniformity  of 
colour,  and  freedom  from  sand  holes."  They  have  been  used  for  steps 
and  dressings  in  different  private  residences  in  north-east  Donegal. 

Olencanway.  Eight  miles  from  Limavady. — ^Yellowish ;  easily 
worked;  has  been  used  in  Limavady,  Londonderry,  and  else- 
where. 
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Walk  Mills,  Three  miles  east  and  south-east  of  Liinayady. — 
Brownish  and  reddish  flags,  from  3  to  5  inches  thick. 

Triassic. — Beddish  and  orange ;  locally  called  ^'  Bed  Free  ;"* 
very  easily  worked,  but  friable,  and  in  general  not  durable ;  used 
locally. 

Jurassic. — Thin-bedded  sandstones  occur  as  subordinate  layers 
in  the  band  of  Lias  that  margins  in  places  the  Oainojsoic  plateau 
of  Antrim  dolomyte.  They  have  been  used  as  flagging,  but  are 
soft,  and  liable  to  get  damp.  Formerly  they  were  in  great  request 
as  scythe  stones,  a  considerable  trade  in  them  having  been  carried 
on  at  Magilligan. 

Cretaceous  and  Eocene. — ^The  arenaceous  adjuncts  of  these 
rocks  are  the  Flints  and  Agates,  the  latter  occurring  principally 
in  the  lower  Eocene  Conglomerate.  Anciently  they  were  wrought 
into  war  implement^.  They  have  been  previously  mentioned  in 
the  description  of  the  Co.  Antrim  (page  534). 

Sand  and  G-rayel. — Q-ood  pit  sand^  if  well  selected,  can  be 
procured  near  Coleraine,  and  Magheraf  elt,  in  Bishop's  Demeeoie, 
Derry,  and  in  the  vicinity.  Q-ood  river  sand  is  found  near  Deny 
and  near  Newtownlimavady,  being  very  good  along  the  River  Roe. 

A  fair  quality  of  sea  band  is  procured  from  the  sand-banks  at 
Magilligan. 

In  Londonderry,  in  1820,  a  glass  manufactory  was  established 
in  the  old  sugar  refinery.  Sugar-house-lane,  but  was  dosed  after  a 
few  years.    It  is  not  now  known  where  they  got  their  sand. 


LONGFOBD. 

To  the  north  of  the  county,  coming  in  from  Leitrim  and  Cavan, 
are  OrdovicianSj  which  are  margined  by  Lower  Carboniferous  Sand-^ 
stones.  At  Qranard,  however,  there  are  peculiarities,  the  sandstoneB 
being  interstratified  with  the  limestones.  In  the  neighbourhood 
of  Longford  also,  south-west  of  Ardagh,  there  are  outlying  expo- 
sures of  Ordovicians  associated  with  more  or  less  marginal  belts  of 
Carboniferous  Sandstone ;  while  in  the  Calp  there  are  also  arenaceous 
rocks,  some  of  which  will  be  mentioned. 

Ordovician. — Here,  as  elsewhere,  the  grits  and  sandstones  do 
not  seem  to  be  known,  except  locally,  as  none  of  them  appear  to 
be  eminently  suited  for  cut-stone  purposes. 


Digitized  by  LjOOQ IC 


KiNAHAN— On  Irish  Arenaceous  Rocks.  585 

Carbonifrroxts. — These  rocks,  although  of  small  extent,  are 
locally  in  fair  request,  notwithstanding  that  excellent  limestone 
can  be  easily  obtained  in  the  neighbouring  counties ;  and,  as  men- 
tioned in  the  previous  Paper,  the  latter  class  of  stone  for  some 
years  has  been  principally  sought  after  for  cut-stone  purposes. 

In  the  Oranard  district,  in  general,  the  stones  are  whitish-grey 
or  bluish,  splintery,  and  hard  to  work,  and  are  seldom  used, 
except  for  walls.  There  is,  however,  in  some  beds,  a  better  class 
of  stone,  of  a  yellowish  colour,  that  works  freely. 

Ballinacrow.  Two  miles  bom  Granard. — Yellowish;  quartz 
grains,  little  cement,  micaceous ;  spotted  with  iron  and  calcareous 
matter. 

Dalystotm.  Four  miles  from  Granard. — Steel-grey;  hard, 
dlicious ;  spotted  with  calcareous  matter. 

Ballinamuck.  Twelve  miles  from  Granard.  —  Yellowish  ; 
coarsely  granular,  white  grains  in  an  argillo-silicious  cement. 
Here  are  also  to  be  obtained  hard  flags  of  good  sizes,  that  have 
been  used  in  Longford. 

Ardagh, — Greyish-white ;  open  and  porous,  white  grains  in  a 
ailicio-calcareous  cement ;  ferruginous  spots ;  used  in  Granard. 

Ohck.  Near  Longford. — Over  a  large  tract  of  country  there  is 
a  coarse  conglomerate.  On  this  conglomerate,  in  the  quarries  near 
Longford,  there  are  sandstones.  The  latter  are  yellowish,  but 
becoming  white  on  exposure;  coarse,  white  quartz  grains,  with 
yellowish  argUlo-silicious  eement ;  can  be  raised  in  blocks,  6  feet 
square,  and  4  feet  thick ;  used  for  the  buildings  in  the  town,  and 
also  wrought  into  millstones  for  oat  bruising. 

Edgetporthstown. — Li  the  Calpy  limestone  are  good  flags,  very 
similar  in  appearance  to  the  Oarlow  flags. 

Sands  and  Gravels. — Pit  sands  procured  near  Granard,  Bally- 
mahon,  and  Newcastle ;  elsewhere  scarce. 


LOUTH. 

The  major  portion  of  the  county  is  occupied  by  Ordoviciatto. 
To  the  north,  at  Oarlingford,  and  on  the  south-east  flanks  of  Slieve- 
Eoye,  are  small  thicknesses  of  Carboniferous  Sandstone,  and  also  to 
the  westward,  near  Ardee. 

In  the  Okdovicians  there  does  not  appear  to  be  any  quany  of 
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much  note,  although  in  Tarious  plaoee  there  are  quarries.  When 
of  fair  ozee,  they  are  woiked  for  local  pnrpoeee.  Although  the 
fitonea  are  hard,  some  of  them  drees  fairly  well. 

Carboniferous. — ^Aooording  to  Traill,  the  aandstonea  near 
Garlingford  are  not  of  much  valae.     ((?.  8.  Jf.) 

Kilpatriek.  Near  Ardee. — Grey,  weathering  pale-hrown,  cal- 
oareons  cement;  need  for  hnilding  pnipoees.  Similar  rocks  are 
exposed  in  the  hog,  two  miles  N.  N.  W.  of  Ardee.     (6r.  8,  JT.) 

In  the  celebrated  ecclesiastical  rains  of  Mellif  ont  and  Monaster- 
hoioe  the  sandstone  dressing  need,  according  to  Wilkinson,  seems 
to  he  Carboniferons  Sandstone  from  the  Go.  Meath.  They  and 
the  two  large  crosses  at  the  latter  place  are  in  good  preservation, 
except  some  badly-selected  micaceoos  stones.  In  St.  John's  Gate, 
Drogheda,  the  nneqnal  weathering  of  sandstone  and  limestone  is 
illustrated.    Where  the  sandstone  came  from  is  not  known. 


[Mr.  Sharpe,  the  -veil-known  Dublin  builder,  wbo  has  carefully  traced  up  the  t 
stones  in  some  of  the  ancient  buildings,  is  of  the  opinion,  as  already  mentioned  {Imtn- 
ductiom^  page  610),  that  the  stones  at  Mellif  ont  aie  from  I>oulting,  near  Glaatonbnry.] 

Sand  and  Qravbl. — Good  pit  sand  occurs  near  Ardee,  and  a 
loamy  sand  near  Dundalk. 

Biver  sand  is  obtained  in  the  Boyne,  at  Oldbridge,  for  use  in 
Drogheda. 

On  the  coast  are  dunes  and  tracts  of  u3Solian  sands,  at  one  time 
in  request  as  an  agent  for  making  the  stiff  days  of  the  county 
friable.  They  seem  now  to  be  veiy  little  used;  they  ought, 
however,  to  be  valuable  fertilizers. 


HATO. 

To  the  south  of  Clew  Bay  are  metamorphio  rocks,  vrith  subor- 
dinate intrudes  of  granite.  These,  to  the  south  and  eastward,  are 
overlaid  by  Silurian  or  Carboniferous  rocks.  North  of  Clew  Bay, 
occupying  the  north-west  portion  of  the  country,  and  extending 
in  a  narrow  tract  eastward  by  Westport  and  Castlebar  across  the 
county  into  the  Co.  Sligo,  there  are  also  metamorphio  rocks  and 
granites,  which  are  overlaid  either  by  Silurian  or  Carboni/erotu. 

Of  the  metamorphic  rocks  in  the  east  and  north-west  portions 
of  the  county  it  has  been  stated  that  they  are  of  Laurentian  age ; 
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l)ut,  as  already  pointed  out,  this  is  highly  improbable,  if  not 
impossible.  Some  of  them,  undoubtedly,  are  the  equivalents  of 
the  OrdovicianSy  and  the  rest  are  probably  the  equivalents  of  the 
Arenigy  or  possibly  part  of  the  Cambrian.  North  of  Balla,  to  the 
-eastward  of  Castlebar,  is  a  small  outlying  mass  of  CoaUmeasures. 

Cambrian,  or  Arbnio. — These,  as  just  'now  mentioned,  are, 
for  the  most  part,  metamorphosed  into  schist,  gneiss,  or  granite. 
There  are,  however,  some  quartzytes  and  quartz-rock,  capable  of 
being  raised  in  large  blocks  suitable  for  rough  work  ;  but  they  are 
seldom  used,  as  other  stones,  as  easily  procured,  are  preferred. 
They  can  also  be  utilized  as  road  metal. 

Ordovician. — These,  like  the  older  rocks,  are  in  general  meta- 
morphosed ;  but  in  places,  more  especially  to  the  eastward,  north 
of  the  eastern  continuation  of  the  Erriff  valley,  they  are  not.  In 
the  unaltered  portions  there  are  some  very  massive  grits  and  sand- 
stones that  would  be  valuable  for  piers,  foundations,  and  such 
rough  massive  work,  but  that  they  are  backward  and  very  inacoes- 
flible.  There  is  also  a  pebbly  quartzyte,  very  suitable  for  piers ; 
but  it  does  not  appear  to  have  been  much  utilized. 

Between  Foxford  and  Swinf ord  are  flags  of  great  dimensions, 
fiymes  considered  that  they  are  due  to  water  freezing  in  the  joints 
that  split  off  huge  plates,  some  as  large  as  the  side  of  an  ordinary 
oabin.     They  might  be  more  utilized  than  they  are. 

In  the  north-west  of  the  county  (Erris),  "  between  Bemnore 
and  Belderg  Harbour ^  also  along  the  coast  of  Broad  Haven^  between 
Dawish  Cellar  and  Blind  Harbour^  flaggy  quartzytes,  in  unlimited 
•quantities,  light-browns  and  greys,  maybe  had  of  any  sizes  and  thick- 
nesses ;  these  are  well  suited  for  street  flagging,  and  some  beds  are 
easily  and  cheaply  wrought  into  paving  setts.  The  flags  between 
Dawish  Cellar  and  Blind  Harbour  could  be  shipped  from  either 
Gubatnockan  or  Belmullet,  and  those  of  Benmore  from  Belderg. 
It  is  proposed  to  join  the  latter  quarries  by  a  tramway  to  the 
harbour  and  erect  a  pier  there." — [A,  M^Hen)^.) 

Silurian. — These  rocks  are  both  of  the  ordinary  and  "  Old 
Bed  Sandstone"  types,  the  latter  predominating,  and  consisting, 
for  the  most  part,  of  purplish  or  reddish  conglomerates  and  sand- 
stones, while  the  others  are  principally  shades  of  grey,  blue,  and 
green  argillaceous  rook,  in  which  are  grits  and  sandstones.  In  one 
tract,  east  and  south-east  of  Louisburgh,  they  are  in  part  meta- 
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morphosed.  Some  of  the  purplish  sandBtones  and  oonglomentio 
rooka  can  be  raised  in  large  blocks,  and  would  be  suitable  for  oat- 
stone  purposes ;  but,  on  account  of  the  facilities  for  procuiing 
excellent  limestone^  they,  in  modem  times,  have  been  rarely 
thought  of|  except  near  Newport,  where  some  of  them  have  oome 
into  favour.  In  1845,  Wilkinson  thus  writes  of  the  sandBtone 
then  in  favour  in  that  town : — "  It  varies  from  a  conglomerate  or 
coarse-grained  sandstone  to  a  very  hard  red  and  brown  and 
whitish-coloured  grit.  This  stone  is  now  generally  used  for  all 
purposes,  and  is  quarried  within  a  mile  of  the  town  on  the  east. 
The  bridge  of  Newport  has  the  spandril  erected  with  a  fine  red- 
coloured  grit  obtained  from  the  neighbouring  mountains." 

[In  Uiis  neighbourhood  the  Silurians  of  the  "  Old  Red  type"  and  the  Lower  Cai^ 
boniferous  Sandatones  are  rather  mixed,  being  often  very  similar  in  colour  and  texture, 
so  that,  except  from  personal  examination  in  the  quarry,  one  cannot  be  distinguished 
from  the  other.  Most,  if  not  all,  of  the  sandstones  mentioned  by  WiUdnson  as  used  in 
Newport  seem  to  hare  oome  from  the  tract  of  Silurians  a  little  eastward  of  the  town ; 
but  some  of  them  may  possibly  have  been  obtained  from  the  Lower  Caibooifeiws 
Sandstones  of  the  vicinity.] 

To  the  east  of  the  county,  between  Charlestown  and  Ballagha- 
derreen,  there  is  a  tract  of  Silurians.  In  this  the  rocks  aboY& 
and  below  are  of  the  "  Old  Bed  Sandstone"  type,  while  between, 
are  green  sandstones,  with  subordinate  calcareous  and  shaly  beds 
that  contain  Silurian  or  Llandovery  fossils. 

[The  green  sandstones  are  pecoliar,  because,  except  in  colour,  they  are  identiesl  ia 
composition  with  the  rocks  above  and  below  them.  The  fossils  occur  in  three  horisom* 
Those  below  are  of  Llandovery  types ;  the  middle  beds  contain  fossils  of  Wenlock 
types,  while  in  the  upper  beds  they  are  again  of  Llandovery  types.  This,  therefore* 
is  an  example  of  the  places  in  which  fossils  typical  of  English  groups  cannot  be  taken 
as  a  positive  indication  of  age ; — ^these  rocks,  as  suggested  by  Griffith,  Jukes,  and 
foot,  are  probably  in  part  the  equivalents  of  the  '*  Dingle  beds"  and  the  "  Glenganiff 
grits"  of  the  counties  of  Cork  and  Kerry :  that  is,  the  upper  beds  of  the  Silnrisn 
closely  allied  to  the  Devonians  or  the  Postage  Beds  between  the  Silurian  and  the  Gaibo> 
niferous.] 

In  both  the  rocks  of  the  reddish  and  greenish  types  are  soine 
good  workable  stones,  that  have  been  eztenaiYely  used  for  building 
purposes,  both  in  Ballaghaderreen  and  Charlestown.  Some  of 
them  seem  to  be  capable  of  producing  good  dressed  work ;  but,  as 
they  have  been  principally  used  in  rough  walling,  their  oapadtifls 
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Lave  not  been  fairly  tested ;  more  especially  as  only  the  surf aoe> 
stones  have  been  nsed  in  these  buildings. 

Carboniferous. — For  the  most  part  these  ooour  as  bands  mar- 
gining the  older  rocks,  but  in  places  in  the  limestone  they  are 
interstratified ;  some  of  them  are  fit  for  all  cut-stone  purposes, 
although  none  of  them  have  come  very  prominently  forward  on 
account  of  the  good-class  limestone  of  the  county,  which  is  pre- 
ferred by  the  workmen. 

MeelicL  Near  Killala, — Brownish  grey ;  quartz-grained,  with 
little  cement;  easily  worked,  large  blocks  can  be  procured;  ez- 
tensively  used  in  the  piers  and  quay-wall  at  Ballina,  and  in  the 
neighbourhood. 

Crossmolina.  A  good  freestone  to  the  westward  of  the  Deel 
river. 

Between  Foxford  and  Swinford  are  flags,  some  so  thin  that 
formerly  they  were  used  for  roofing  instead  of  slates. 

Farm  qtuirf^.  At  Westport  there  is  a  peculiar  stone.  It 
occurs  in  the  upper  beds  of  the  limestone  quarry.  It  is  thin- 
bedded  and  square,  on  account  of  the  systems  of  joints  that  cut 
across  it,  these  joint- lines  being  glazed  with  a  film  of  quartz.  Ono 
system  of  the  joints  is  perpendicular,  the  other  slightly  oblique ; 
but  if  the  stones  are  properly  selected  and  laid,  the  natural  faces, 
produce  a  perfectly  even  perpendicular  wall,  having  a  surface  that 
looks  like  finely-cut  limestone,  laid  in  narrow  courses ;  they  were 
used  in  Lord  Sligo's  house  at  Westport,  the  dressings  and  other 
out-stone  being  of  limestone. 

In  the  new  church  at  Westport,  Carboniferous  Sandstones  were 
used;  but,  unfortunately,  dry  stones  and  newly-quarried  stones 
were  mixed  promiscuously,  and  consequently  the  drjdng  and 
shrinkage  of  the  latter  have  caused  ugly  open  joints  and  uneven 
settlements. 

The  old  church  and  round  tower  at  Aughagower  were  built  of 
the  local  red  stone.  It  seems  to  have  worked  freely  and  well,  but 
is  not  very  durable. 

Pouhharavogen,  Six  miles  from  Swinford. — This  stone,  although 
at  the  east  of  the  county,  is  in  general  similar  to  that  described  as 
occurring  at  Meelick,  near  Ballina.  In  places,  however,  the  stone 
is  conglomeritic  or  pebbly ;  and,  under  such  circumstances,  Wilkin* 
son  considered  it  better  adapted  for  cut-stone  purposes.    This* 
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stone  has  been  very  generally  naed  in  Swinfordy  ClaremomSy  and 
the  neighbooihood,  and  of  it  was  built  the  round  tower  of  MeeUck, 
eonth  of  Bwinfoid  (not  the  Meeliok  previously  mentioned,  near 
KiUala),  of  whioh  the  stones  are  now  in  good  preservation. 

Stones  that  have  been  used  for  flagging  are  recorded  as  fol- 
lows : — Thin-bedded  sandstones  at  Carriekryney  BaUycaatle,  MeeSek^ 
and  Catju ;  used  in  Ballina.  Olenialand^  soft  when  quarried,  bat 
afterwards  hardening ;  used  in  Castlebar ;  Qarmaneladdy^  KtUedaKy 
Balla^  and  Carroicoru/fe ;  used  in  Swinford;  and  Curveighj  for  use 
in  Westport.  There  is  a  very  thin,  smooth  flag,  oalled  **  Donmore 
slate/'  raised  principally  in  the  Lower  Carboniferous  Sandstone  of 
Slieve-Darty  near  Dunmore,  partly  in  oounties  of  Mayo  and  Gblway. 
These,  in  old  times,  were  extensively  used  in  place  of  slate,  as  will 
be  seen  on  the  old  houses  in  Castlebar,  Grossmolina,  Ballinrobe, 
and  other  places.  This  *^  slate  "  has  been  previously  mentioned  in 
the  county  Qalway.  Besides  Slieve-Dart,  it  also  occurs  in  eome  of 
the  other  localities  for  Lower  Carboniferous  Sandstone,  as  between 
Foxford  and  Swinford,  but  was  not  as  extensively  worked  as  in 
Slieve-Dart. 

Sakd  and  Gravel. — QxiodipU  Band  for  building  purpoeesoan 
generally  be  easily  obtained  in  the  low  coimtry ;  the  Eskers  in  the 
^'  Plains  of  Mayo  "  affording  not  only  that,  but  good  sand  for 
manure^  and  gravel  for  road  metal.  The  rtftfr  sands  are  also  good; 
they  occur  in  various  places  along  the  rivers  and  streams.  There  is 
also  sea  sand  in  different  places;  near  Ballina  there  is  a  conddar- 
able  supply. 

On  the  west  coast  of  the  barony  of  Muirisk  there  are  .MoUtm 
^andSy  some  parts  of  whioh  are  in  cultivation  and  yield  good  cropa, 
especially  potatoes.  There  are  also  extensive  tracts  near  Blacksod 
Bay,  and  smaller  ones  near  Broadhaven ;  these  seem  to  have  been 
extensively  cultivated  formerly  for  potatoes  and  barley,  but  not 
so  much  of  late  years. 

A  good  glass  sand  occurs  near  Belmullet,  which  has  been  used 
a  little  for  glass  manufacture. 
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MEATH. 

To  the  east  of  the  county,  near  Balbriggan,  ooming  in  from 
the  county  Dublin,  to  the  north-east  ooming  in  from  Louth,  and 
to  the  north-west  coming  in  from  Cavan  are  Ordavicians'-ike  last 
two  being  connected  by  the  strip  of  similar  rocks  in  which  Eells  is 
situated.  In  general  sandstones  are  not  exposed  at  the  base  of  the 
Carboniferous^  and  in  places  there  appears  to  be  no  room  for  them ; 
they,  however,  appear  near  Oldcastle,  to  the  westward  of  Kells, 
and  between  Navan  and  Drogheda;  while  Mr.  Cruise  states  there 
is  a  small  patch  of  conglomerate  on  the  Ordovicians  at  StramuUen, 
at  the  mearing  of  the  Co.  Dublin  to  the  west  of  Balbriggan. 
Elsewhere  beds  of  sandstone  have  been  observed  interstratifled 
with  the  limestone. 

On  the  Carboniferous  Limestone  to  the  north,  near  Nobber, 
between  Drogheda,  Navan,  and  Maynooth,  and  near  Trim,  are 
outlying  patches  of  Coal-measures  in  which  are  fair  stones.  At  the 
extreme  north  of  the  county,  near  Eingscourt,  there  is  a  small 
tract  of  Trias. 

Okdovician. — None  of  the  sandstones  or  grits  of  this  age  seem 
to  have  been,  or  are  at  present,  in  favour  for  cut-stone  purposes, 
nor  have  they  been  much  used  for  general  work,  as  the  associated 
slate  rocks,  except  in  the  tract  near  Balbriggan,  are  eminently 
suited  for  such  work,  and  in  old  times  and  subsequently  were,  and 
are,  much  used. 

Carboniferous. — In  the  small  patches  of  Lower  Carboniferous 
Sandstone,  near  Oldcastle  and  westward  of  Kells,  there  are  sand- 
stones of  reddish,  brownish,  and  yellowish  shades  of  colour.  These 
were  used  as  quoins  in  the  old  church  of  Kells,  while  the  round 
tower  was  nearly  entirely  built  of  them.  They  are  not  very  dur- 
able, but  are  of  an  even  texture,  and  have  weathered  evenly. 
Between  Navan  and  Drogheda,  along  the  margin  of  the  Carboni- 
ferous rocks  very  similar  stones  have  been  quarried  in  places. 
They  vary  a  little  in  colour ;  some  are  streaky  or  variegated,  while 
they  may  be  argillaceous  or  quartzose,  some  being  very  hard.  They 
are  not  a  good  class  of  stone,  yet  they  are  very  generally  used, 
and  the  Eound  Tower  of  Donaghmore  was  built  of  them.  Here, 
uB  also  in  the  localities  to  the  westward,  soma  beds  are  capable  of 
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being  wrought  into  flagSi  and  these  have  been  used  in  Kells  and 
elsewhere. 

Hayestown.  Fourteen  miles  from  Kells. — ^Brownish  to  yel- 
lowish; quartz  grains ;  oalcario-silicious  cement ;  not  very  durable; 
works  easily. 

To  the  north-west  of  Navan  there  are  some  sandstone  quames 
locally  used. 

In  the  tracts  of  Coal-measures  there  are  some  good  stones 
reported;  but  if  local  use  is  ignored,  none  of  them  have  been 
worked  except  in  the  Nobber  district,  and  there  only  sparingly, 
BA  the  bad  roads  and  accommodation  make  the  quarries  difficult  of 
access.  Some  of  the  thin-bedded  sandstones,  as  near  Gurnstown, 
make  good  and  strong  flags ;  English  flags,  however,  being  easily 
and  cheaply  obtained,  seem  to  have  prevented  their  being  much 
worked. 

Cortubber.  Near  Kingscourt;  greyish-white;  quartz  grains; 
very  little  felspathic  cement;  finely  granular;  works  fireely  and 
well. 

Carncklick.  Seven  miles  south  of  Carrickmacross.  Gfreyish- 
white,  but  unevenly  coloured ;  silicious  grains;  very  little  cement; 
fine-grained ;  works  freely  and  well ;  large  blocks  can  be  procured. 
Lough  Fea  House  was  built  of  this  stone ;  used  extensively  in 
Oarrickmacross.  A  limited  quantity  of  fiags  can  be  raised  here, 
which  can  be  manufactured  into  hearth-stones. 

Trias.— The  "Eed  Free"  of  this  area  seems  to  have  been 
very  little  used,  and  only  locally. 

Sand  and  Gravel. — Pit  sandy  excellent  for  building  purposes; 
is  very  general ;  although  sometimes  it  is  loamy.  In  the  cutting 
for  the  Meath  Kailway  an  inexhaustible  supply  of  sand  and 
gravel  suited  for  road  purposes  is  exposed;  some  of  it  is  good 
manure  sandy  but  is  not  much  used,  so  much  of  the  county  being 
under  grass. 

MONAGHAN. 

Occupying  all  the  central  portion  of  the  county  are  similar 
Ordomcians  to  those  that  have  been  described  in  Armagh  and 
Cavan,  which  lie  respectively  to  the  north-east  and  south-west 
Here,  as  in  those  counties,  the  grits  are  very  little  used,  the 


Digitized  by  LjOOQ IC 


KiNAHAN — On  Irish  Arenaceous  Bocks.  693 

^flsooiated  slate  being  much  preferred  for  general  purposes ; 
although  not  capable  of  being  used  in  dressed  work.  Fair  flags 
have  been  raised  in  a  few  places,  as  in  Dartree,  which  lies  north 
and  north-west  of  Clones. 

To  the  south  of  the  county,  in  the  neighbourhood  of  Carrick- 
maoroBSy  is  a  small  tract  of  Carboniferous  rocks,  principally  lime- 
stone: this  is  overlaid  by  Coal-measures^  and  the  latter,  uncon- 
formably,  by  Triassic  rock ;  the  principal  portions,  however,  of  the 
outlier  of  the  later  rocks  are  situated  in  the  neighbouring  coimties 
of  Cavan  and  Meath. 

To  the  north  of  the  county  there  is  a  second  area  of  Carbo- 
niferous limestone.  And  margining  this  to  the  southward,  and 
lying  on  the  Ordovician,  is  a  narrow  tract  of  Lower  Carboniferous 
Sandstone^  on  which  Clones  and  Monaghan  are  situated;  while 
farther  northward  are  the  rocks  of  the  '*  Fermanagh  Series,"  or 
Lower  Coal-measures  of  the  Fermanagh  type  {Fermanagh^  p.  660). 

In  the  Fermanagh  portion  of  the  Slieve-Beagh  district  there 
are  different  quarries  of  former  and  present  note  ;  but  eastward  in 
this  county  there  are  none,  although  the  '*  Fermanagh  Sandstones '' 
oxtend  into  it ;  also  in  places  on  the  flanks  of  Cammore  superior 
stone  have  been  procured.  In  Castleblayney,  Monaghan,  and 
Clones,  most  of  the  stones  used  for  cut-stone  purposes  were  brought 
from  the  quarries  in  the  Fermanagh  portion  of  Cammore  or  quar- 
ries in  the  lisnaskea  district,  or  from  the  Clogher  district  (Lower 
Carboniferous  Sandstone),  Co.  TjTone.  In  the  south  of  the  county, 
at  Carrickmacross  and  its  neighbourhood,  the  sandstones  have  been 
brought  from  Carrickleek,  Co.  Meath. 

Cammore. — Yellowish-reddish.  Chiefly  quartz  grains ;  fer- 
riferous spots ;  somewhat  friable ;  works  freely.  On  the  summit 
of  the  moimtain  there  was  an  extensive  quarry  for  millstones; 
which,  after  being  wrought  in  the  quarry,  were  let  roll  down 
the  mountain,  and  conveyed  to  Scotstown,  where  there  was  a 
depdt.  On  the  northern  side  of  the  hill  there  is  a  soft  whitish 
freestone,  and  on  the  southern  a  hard  reddish  grit. 

Knocknatally. — A  good  freestone,  formerly  extensively  quar- 
ried for  use  in  the  neighbourhood. 

Emyvale.  Southward  of. — Fermanagh  Sandstone  (P),  used  in 
Monaghan. 

In  the  parish  of  Donagh,  to  the  north  of  Monaghau,  excellent 
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freestone  was  formerly  quarried  in  different  places,  and  the  great 
entrance  to  Caledon  House  was  constructed  of  this  stone. 

Sand  and  Gravel. — Pit  sand  of  a  good  quality  is  vwy 
general  in  the  county,  while  river  sand  can  be  obtained  in  thfr 
rivers  and  streams.  Gravel  can  be  procured  from  the  Eskers :  those 
in  the  Tehallan  district  being  noted  for  their  wearing  qualities,, 
they  for  the  most  part  being  made  up  of  hard  jaspeiiy  pebbles. 

[In  the  high  level  portions  of  the  counties  Monaghan,  Tyrone,  Femumagh,  Jbc^ 
there  are  gravel  ridges  that  have  been  called  *'  Eskers" ;  they  are  not,  however,  tnie 
Eskers  similar  to  those  of  the  great  central  plain  of  Ireland.  The  trae  Eskero  are  of 
marine  origin,  the  ridges  being  due  to  the  colliding  of  tidal  currents,  and  all  oeenr 
below  fixed  levels,  which  are  the  maximum  heights  of  the  Esker  Sea ;  their  hei^ 
varying  a  little,  as  in  the  seas  of  the  present  day,  the  tides  rising  higher  in  the  bays 
than  in  the  open.  The  gravel  ridges  of  the  high  levels,  and  in  some  places  even  ea 
the  lower  levels,  of  the  above-named  counties,  are  for  the  most  part  of  a  difeent 
origin,  being  similar  in  aspects  to  the  sands,  gravels,  and  other  drifts  found  in  the 
valleys  and  plains  and  slopes  associated  with  the  Alpine  regions,  such  as  those  foond  ia 
connexion  with  the  **  Foot  Hill"  of  the  Canadian  Rockies.  In  some  of  the  low  counties, 
Monaghan  and  Fermanagh,  &c.,  the  marine  and  glacial  gravels  seem  in  part  to  bfr 
mixed  or  to  graduate  into  one  another.] 


aiTEEN'S    COUKTY. 

The  greater  portion  of  this  area  is  occupied  by  Carbani/eraut 
Limestone ;  but  to  the  north-west,  surrounding  small  exposures  of 
OrdovidanSf  are  tracts  of  Lotcer  Carboniferous  Sandstone;  while  to 
the  south-east,  in  Gullinagh  and  the  northern  portion  of  Slie^e- 
margy  (Leinstbr  Coal-field)  are  Coal-measures.  The  Ordovieian 
grits  are  rarely  used,  even  for  local  purposes,  the  associated  slatcft 
being  preferred. 

Lower  Carboniferous  Sandstone. — In  colour  these  are  from 
whitish-yellowish  to  brownish,  and  streaked.  Some  are  argilla- 
ceous, they  not  being  as  durable  as  those  having  a  silicious  cement 
These  sandstones  have  been  very  generally  used  in  the  neighbour- 
hood. They  have  been  largely  used  in  Mountmellick,  a  soft,  sili- 
cious stone  in  that  neighbourhood  being  at  one  time  extensively 
manufactured  into  chimney-pieces  and  hearthstones.  In  the 
churches  of  Abbeyleiz,  Slieve-Bloom  sandstone  and  Ballyullen 
limestone  were  used  in  the  dressings.  Ballyfin  House  and  the 
chief  entrance  lodge  in  the  Slieve-Bloom  district  were  buUt  of  local 
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stone ;  in  the  latter  are  some  hastily  selected,  which  have  stood 
badly.  At  Clonaslee  and  MosenaUis  there  is  a  thin-bedded  stone, 
very  extensively  used  in  the  county  for  flagging ;  they  cannot  be 
obtained  of  large  sizes,  but  are  very  dry ;  when  first  raised  they 
are  soft,  but  rapidly  harden.  Stones  for  cut  work  can  also  be 
procured ;  but,  on  account  of  the  ungainly  shapes  of  the  blocks, 
are  expensive  to  dress. 

Clara  Silly  Clonaslee. — ^Yellowish ;  very  silicious ;  fine-grained; 
micaceous ;  ferriferous  spots. 

Tinahinch.  Three  miles  from  Clonaslee.  —  Ghreenish-white ; 
silidous-grained ;  argillaceous  cement ;  partially  carbonaceous 
matter. 

Olenharrow.  Three  miles  from  Clonaslee.— Grey ;  silicious- 
gndned;  ferriferous  spots. 

Rosenallis  Mountain.  —  Westward  of  MountmeUiok.  Very 
similar  to  the  Clara  Hill  stone. 

Ballysally.  Ten  miles  from  Boscrea,  where  it  has  been  much 
used. — ^Yellowish  to  lightish-brown.  Is  soft  when  raised,  but 
hardens  on  exposure.    "Works  easily. 

Coal-measures. — In  general,  these  stones  are  not  now  looked 
after,  yet  that  they  are  capable  of  good  work  can  be  seen  in  the 
previously-mentioned  doorway  of  Ealleshin  Church,  Co.  Carlow 
(page  537).  In  some  of  the  ancient  buildings  a  thin-bedded  grit 
has  been  used,  also  in  latter  years  at  Cloggrennan.  As  those 
used  at  Cloggrennan  were  not  suited  for  cut-stone  purposes,  other 
material  was  used  for  the  dressings. 

Cloggrennan. — ^Dark-greenish grey;  fine-grained;  close;  dense; 
flaggy ;  not  good  for  cut  work. 

Corgee  and  Hollypark.  In  the  Collieries. — Q-ood  strong  flags 
were  formerly  rather  largely  worked.  These  flags,  on  an  average, 
could  be  raised  12  feet  square,  the  largest  raised  being  22  feet 
long  and  12  feet  wide  {G.  8.  M.) 

Derryfore.  East  of  Abbeyleix. — Olive,  thick  sandstones  and 
flags. 

Sand  and  Gravel. — ^Both  of  excellent  quality  occur  plenti- 
fully in  the  Eskers.  In  some  of  the  streams  coming  down  from 
both  the  Lower  Carboniferous  Sandstone  and  Coal-measure  hills 
there  are  sharp  silicious  sands. 
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Bosconov. 

To  the  north  and  sonth-west  of  Lough  Allen  are  Coal-measuret- 
a  small  portion  of  the  Connaught  Coal-field.  To  the  southmrd 
of  these,  extending  from  the  north-west  margin  of  the  oounty 
eastward,  past  Longh  Key  nearly  to  the  Shannon,  are  SiJuriaM 
of  the  **  Old  Bed  Sandstone"  type,  which  are  margined  southwaid 
and  eastward  by  Lower  Carboniferous  Sandstones.  To  the  west  of 
the  county,  both  north-east  and  west  of  Gastlerea,  and  fiuther 
south-west  in  Slieve-Dart,  are  patches  of  similar  rocks,  as  ak> 
south-west  of  Boscommon ;  while  to  the  north-east  of  the  same 
town,  in  a  south-west  and  north-east  direction,  is  Slieve-Baon, 
near  which  small  exposures  of  Ordovicians  are  margined  by  Lower 
Carboniferous  Sandstone. 

The  Ordoyician  grits,  which  are  of  small  dimensions,  are  more 
or  less  inaccessible,  and  are  very  little  used,  even  locally. 

Silurian. — ^These  occur  in  the  Curlew  Mountains.  Of  these 
there  is  a  great  thickness,  and  some  of  them  are  fair  working 
stones ;  but  in  general  they  are  hard,  gritty,  and  of  bad  working 
quality  and  colour.  They  are  not  in  request,  as  limestone  is  pie* 
f  erred ;  and  if  sandstone  is  required,  those  belonging  to  the  Lower 
Carboniferous  Sandstone  are  used. 

Associated  with  these  sandstones  are  f elspathic  tuffs.  Althoogk 
these  are  more  of  the  nature  of  argillaceous  than  arenaceous  rooks, 
they  ought  here  to  be  mentioned,  as  in  places  the  one  graduates 
into  the  other.  Some  seem  as  if  they  would  cut  well ;  but  as 
they  are  in  general  in  somewhat  inaccessible  or  inconvenient  plaoes, 
they  have  only  been  used  for  farm  purposes. 

Lower  Carboniferous  Sandstone. — ^In  the  different  exposures 
of  these  rocks  there  are  stones  of  more  or  less  note.  At  Tarmon^ 
near  Boyle,  there  is  a  bluish-grey  stone,  hard  and  compact;  but, 
on  account  of  the  numerous  joints,  it  is  incapable  of  being  raised 
in  large  lengths.  The  strata  varies  from  10  to  24  inches  in  thick- 
ness ;  it  has  been  nsed  in  many  of  the  buildings  in  Boyle,  but  is 
more  suitable  for  rubble  than  cut-stone  purposes. 

St.  John^s  Hok.  An  historical  quarry. — ^This  lies  north  of  the 
river  near  Boyle.  Qreyish ;  good,  but  hard ;  has^l>een  used  ex- 
tensively in  Boyle  and  the  neighbourhood,  as  in  the  bridge  and 
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other  public  and  private  buildings.  According  to  Wilkinson,  it 
was  also  used  in  the  old  house  of  Bockingham  that  was  burnt 
down  some  years  ago ;  the  new  house,  built  in  1863  and  1864,  is 
of  limestone  from  Ballinafad,  Co.  Sligo. 

In  the  bed  of  the  river  adjoining  ^^  St.  John's  Hole"  is  said  to 
have  been  situated  the  quarrj  from  which  the  stones  were  pro- 
cured to  build  Boyle  Abbey.  Of  this  ancient  structure,  "Wilkinson 
writes: — "Excellent  work  of  every  kind,  from  common  dressed 
stones  to  carved  mouldings  and  ornaments,  and  its  lofty  arches 
display  a  skill  in  construction  far  superior  to  the  present  day. 
The  stone  has  resisted  exposure  to  the  weather  well,  some  of  the 
marks  of  the  tools  being  still  visible."  Further,  he  states  in  refe- 
rence to  the  site  of  the  old  quany : — "  It  is  likely  that  by  well- 
directed  efforts  the  bed  of  the  river  was  temporarily  diverted  in 
order  to  get  at  stone  which,  from  being  constantly  saturated,  had 
not  become  so  hard  as  that  which  was  comparatively  in  a  dry 
position." 

[This  raising  of  stones  out  of  the  bed  of  a  river  or  stream  seems  to  have  been  not 
uncommon  -with  the  early  builders,  as  in  different  places  holes  are  pointed  out  so 
situated,  which  tradition  states  were  quarries  where  the  stones  were  procured  for 
adjoining  structures.  Besides  other  places,  such  is  the  case  in  the  river  at  Drombogue, 
in  the  parish  of  Kilmacrenan,  Co.  Donegal,  as  from  an  excavation  in  the  bed  of  the 
stream  it  is  said  the  stones  to  build  the  adjacent  Abbey  of  Douglas  have  been  procured. 
A  few  years  ago,  during  a  dry  summer,  this  hole  was  pumped  out,  and  a  rude  set  of 
steps  were  found  from  the  surface  to  the  bottom.] 

In  this  county,  as  is  so  common  elsewhere  at  the  present  time, 
the  masons  prefer  the  limestone  for  cut-stone  purposes,  so  that  the 
sandstone  is  in  general  only  used  for  walling  and  rubble  work,  as 
it  is  easily  roughly  squared ;  in  some  cases  it  is  used  for  quoins, 
window-sills,  steps,  and  such  like,  while  from  St.  John's  Hole  can 
also  be  procured  excellent  flags,  with  a  natural  smooth  surface,  of 
large  sizes,  and  from  5  to  6  inches  thick.  They,  however,  are  ex- 
pensive and  difficult  to  get  at,  on  account  of  the  necessary  ptmiping 
to  keep  the  quarry  dry. 

Felton.    Near  Boyle. — Yellowish ;  micaceous ;  ferriferous, 

French  Park.  Within  a  mile  of  the  town. — A  silicious  sand- 
stone, used  for  building  purposes. 

In  the  tracts  north-east  and  westward  of  Castlerea,  good  stones 
Lave  been  raised  in  different  places,  but  no  quarry  more  than  of 
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local  note  has  been  worked.  About  three  miles  from  the  toim 
there  is  a  thin-bedded  stone  in  the  bed  of  the  Biver  Suok.  It 
is  in  much  request  for  walling,  but  is  not  good  for  cut-stone  -prsr- 
poses.  The  stone  can  only  be  procured  in  the  summer,  when  the 
river  is  low. 

On  the  tract  to  the  north-east,  between  the  town  and  French 
Park,  there  are  many  large  field-stones,  or  **  tumblers,"  which  have 
been  extensively  used  for  local  works,  especially  bridges,  as  they 
split  easily.  They  have  been  of  considerable  profit  to  the  occupieiB, 
who  sold  them  to  those  who  required  them.  In  the  same  area, 
near  BellanaganCy  are  finely-laminated  stones  Uke  the  '^Dunmoie 
slates,"  which  in  the  vicinity  have  been  used  for  roofing  pur- 
poses; they  are  also  found  in  the  north-east  portion  of  Slieve- 
Dart  that  enters  into  this  county  at  the  extreme  south-west.  In 
Slieve-Dart  are  also  found  the  stones  formerly  so  much  wrought 
into  millstones,  but  perhaps  more  in  the  G-alway  portion  than  in 
this  coimty.  Eastward  of  Bellanagane,  between  it  and  Mantua, 
is  a  calcareous  stone  containing  siliciom  nodules  more  or  less  similar 
to  rough  agates  and  cornelians. 

Sandstone  can  also  be  obtained  in  the  tract  to  the  west  of  the 
Suck  and  south-west  of  Boscommon. 

In  the  parish  of  Fuertry  there  is  a  quarry  of  excellent  gritstone 
of  peculiar  solidity  and  hardness. 

In  Slieve-Baun  there  are  some  good  brownish  and  yellowish 
stones ;  but  they  are  now  principally  used  for  local  purposes,  the 
limestone  being  preferred  for  dressed  work.  To  the  south-east  of 
Strokestown,  in  the  south-west  portion  of  Slieve-Baun,  there  are 
stones  particularly  adapted  for  millstones,  and  fifty  years  ago  they 
were  made  in  considerable  quantities  for  supplying  the  adjoining 
counties  to  the  eastward  of  the  Shannon. 

Coal-measures. — These  only  occur  at  the  north-west  of  the 
county.  Some  of  the  sandstones  are  reported  to  be  of  excellent 
quality,  "  equalling  the  Tyrone  stone" ;  but  tbey  are  so  out  of  the 
way  and  inaccessible  that  very  little  is  positively  known  about 
them.  From  the  Coal-measures,  however,  are  procurable  excellent 
fiags,  somewhat  like  the  Carlow  fiags,  that  formerly  had  a  good 
sale ;  they  were  principally  raised  at  Keadew  and  Arigna. 

Sand  and  Gravel. — ^In  the  low  country  there  are  Eskers  which 
give  an  inexhaustible  supply  of  excellent  j?i^  sand  and  gravel;  some 
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of  these,  when  of  limestone-graYel,  are  excellent  as  manure,  others 
of  a  different  character  are  not.  Biver  sand  also  occurs  very 
generally. 


SLiao« 

In  the  little  promontory  (Rosses)  between  Drumcliff  and 
Sligo  Bays  is  a  small  outlier  composed  of  metamorphic  rocks; 
while  coming  in  from  Mayo,  near  the  centre  of  the  west  mearing, 
and  extending  north-east  across  the  county,  is  a  portion  of  the  Ox 
Mountain  range.  These  hills,  as  has  already  been  mentioned,  have 
a  nucleus  of  metamorphic  rocks,  which  are  probably  the  equi- 
valents of  the  Arenig,  or  possibly  of  the  Cambrian  ("Introduc- 
tion," page  516 ;  Mayo^  page  587),  and  margining  them  in  places 
are  Loicer  Carboniferous  Sandstones.  To  the  extreme  south,  in  a 
small  portion  of  the  Curlew  Mountains,  there  are  Silurians  of  the 
*^  Old  Bed  Sandstone"  iype,  coming  in  from  the  neighbouring 
oounties,  Mayo  and  Boscommon,  which  are  margined  to  the  south- 
ward by  Lower  Carbmiferom  Sandstones.  To  the  east  of  the  county 
are  Coal-measures,  a  small  portion  of  the  Gonnaught  Goal-field  ; 
while  to  the  westward  of  the  main  mass  are  small  outliers,  lying 
east  and  west  of  Lough  Arrow.  In  recent  times  sandstone  has 
not  been  much  used  in  this  county  for  cut-stone  purposes,  as  in 
general  limestone  is  preferred. 

Gambklins  (P),  Arenig,  and  Ordovician. — The  rocks  that 
probably  are  the  equivalents  of  those  of  these  groups  are  all  more 
or  less  metamorphosed.  There  are,  however,  in  them  some  quartz- 
rock  and  quartzyte,  suited  for  heavy  rough  work  and  for  road 
metal. 

Silurian. — In  the  small  area  included  in  this  county  the  rocks 
are  similar  to  those  adjoining,  in  the  Go.  Boscommon.  They  are 
of  inferior  quality  for  cut-stone  purposes,  being  generally  coarse 
and  hard  or  argillaceous.  They  are,  however,  in  places  locally 
used. 

Garboniferous.  Lower  Carboniferous  Sandstone, — Some  of  the 
beds  near  Lough  Gara,  on  the  south  slopes  of  the  Gurlew  Moun- 
tains, are  very  similar  to  the  rooks  utilized  at  Boyle,  in  the  Go. 
Boscommon ;  but  here  they  do  not  seem  to  have  been  worked. 

Westward  of  Ballysodare  Bay  and  the   neighbourhood  of 
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Bromore  West  (parish  of  Eilmacahalgan)  there  are  quarries  of 
freestone. 

To  the  west  of  the  county,  near  Kjlmaoteige,  and  in  other 
places  farther  eastward,  margining  the  Ox  Mountain  range  on 
the  southward,  there  are  in  places  fair-looking  stones,  but,  as 
previously  mentioned,  not  in  request. 

To  the  north-west  of  the  Ox  Mountains,  in  the  neighbourhood 
of  Dunowla,  and  to  the  south-west  thereof,  in  the  tract  and  strip 
of  Lower  Carboniferous  and  Galp  (P)  Sandstones,  some  of  the 
stones  appear  as  if  they  might  be  suited  for  dressing ;  but  in  no 
place  are  they  sufficiently  opened  up  to  test  their  qualifications. 
South-east  of  Dromore,  in  Doonbeakin  and  Ballyglas8y  flags  about 
4  inches  thick  and  up  to  6  feet  square  have  been  quarried. 

Goal-measures. — Reports  state  that  some  of  the  beds  of  stone  in 
this  area  are  of  good  quality.  They,  however,  are  so  inaoceasible 
that  they  are  not  properly  known.  From  these  hills,  however,  are 
procured  flags  of  the  same  class  as  the  ^^  Arigna  flags,"  which  have 
been  largely  used  throughout  the  county. 

Sand  and  Gravel. — Pit  sand  is  not  very  plentiful,  and  varies 
in  sharpness.  It  can,  however,  be  got  good  about  four  miles  from 
Sligo.  In  some  of  the  rivers  and  streams  there  is  good  river  sand 
and  gravel.  Sea  sand,  which  can  be  collected  in  great  quantiti^ 
along  the  i^ore,  is  an  excellent  manure  for  potatoes,  but  should  be 
spread  for  some  months  before  the  crop  is  put  in,  as  otherwise  its 
proper  effects  are  not  experienced.  In  places  near  the  shore-line  is 
a  stratum  of  shell  sand  or  gravel,  for  the  most  part  made  up  of 
oyster^shells.  This,  in  some  places,  is  at  least  60  feet  above  the 
present  high-water  mark.  This  deposit  is  not  only  itself  a  valuable 
manure,  but  it  imparts  its  fertilizing  qualities  to  the  sand  above 
and  below  it. 


TIPPE&ABY. 

The  sandstones  of  this  county,  although  now  not  much  heard 
of,  have  a  history;  as  both  in  ancient  and  the  present  times 
they  have  been  very  much  used  in  preference  to  other  kinds, 
even  in  places  outside  the  margin  of  the  sandstone  areas.  At 
Cashel,  the  older  structures  (Gormac's  Ghapel  and  the  Bound 
Tower),  are  of  sandstone,  except  that  in  the  Tower  some  of 
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the  lower  courses  are  of  limestone,  but  in  the  adjoining  churches, 
which  were  subsequently  built,  limestone  was  used.  Some  of  the 
sandstone  hereafter  mentioned,  if  known,  would  be  more  sought 
after  than  it  is  at  present. 

The  major  portion  of  the  area  is  occupied  bj  limestone.  TVe 
find,  however,  to  the  north-east,  a  little  S.  S.  W.  of  Birr  (Parsons- 
town),  the  small  but  conspicuous  hill  of  Enocksheegowna,  mostly 
Ordamcian,  but  margined  to  the  north-east  and  south  by  Lower 
Carboniferous  Sandstone.  Somewhat  similarly,  in  the  Arva  Moun- 
tains, that  lie  to  the  east  of  the  south  arm  of  Lough  Derg ;  in  the 
group  comprising  the  Silyermine  Mountains  and  Slieve-Fhelim ; 
in  Slieve-na-Muck,  to  the  south  of  Tipperary ;  and  in  the  portion 
of  the  Galtees  that  is  included  in  this  county  there  are  Ordovicians, 
margined  by  Lower  Carboniferous  Sandstones.  The  Hill  of  Cullen, 
to  the  north-west  of  Tipperary,  is  Lower  Carboniferous  Sandstone; 
but  the  rocks  of  !Knockmeeldown,  to  the  south-east  of  the  county, 
are  probably  in  part  Devonians,  coming  in  from  the  neighbouring 
Counties  Cork  and  Waterford. 

To  the  south-east,  in  the  neighbourhood  of  Eillenaule  and 
north-east  of  it,  are  Coal-measures,  the  East  Munster  Coal-field  ; 
while  south-westward  of  the  principal  area  are  small,  detached 
patches  as  outliers,  which  lie  north  of  Cashel ;  north-east  and  south- 
west of  Fethard;  north-west  of  Clonmel;  in  Slieve-na-Muok,  brought 
down  by  a  great  fault  against  the  Ordovidans  ;  and  at  Ballyporeen, 
in  the  valley  between  the  G-altees  and  Knockmeeldown. 

Ordoyiciak. — These  are,  in  general,  in  more  or  less  inaccessible 
positions.  When  otherwise,  nearly  invariably  the  grits  are  in  bad 
repute,  as  the  associated  slate  rocks  are  preferred  for  local  building 
purposes. 

Devonians. — The  rocks  of  Knockmeeldown  seem  to  be  in  part 
the  representatives  of  the  Devonians  of  the  County  of  Cork,  that  is, 
the  Passage-beds  between  the  Silurians  and  the  Carboniferous; 
while  it  is  not  impossible  that  the  lower  rocks  of  the  Galtees  to  the 
northward,  and  of  Slievenaman  to  the  north-eastward,  may  be  in 
part  of  this  age,  as  the  great  thickness  of  the  arenaceous  rocks 
under  the  Carboniferous  Limestone,  as  found  in  all  these  places,  sug- 
gests that  the  Passage-rocks  may  be  in  part  represented. 

Knockmeeldown.  In  different  places  brownish,  reddish,  and 
yellowish.    Free- working ;  durable.    Has  been  extensively  used  in 
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Cloglireen,  although  the  latter  is  in  the  limestone.    A  hrown  sand- 
stone from  these  hills  was  used  in  the  ancient  oastle  at  Cahir. 

Motmt  Anglesey.  A  few  miles  from  Gloghreen. — ^Brownish- 
yellow;  silioious-grained ;  axgillaoeous  cement;  fine,  but  granular; 
friable ;  works  freely  and  well ;  used  for  quoins,  jambs,  and  other 
dressings ;  can  be  raised  in  long  scantlings,  and  is  capable  of  long 
bearings. 

In  the  slopes  of  the  Galtees,  included  in  this  area,  good  stones 
occur  in  numerous  places :  they  vary  from  whitish  to  reddish  and 
brownish  in  colour,  some  being  more  silicious  than  others.  In 
general  they  work  freely,  and  have  been  used  in  Cahir  in  pre- 
ference to  the  limestone.  These  were  used  in  the  repairs  of  the 
old  castle  some  forty  or  fifty  years  ago. 

Carboniferous. — Lower  Carboniferous  Sandstone.  These  stones 
range  from  coarse  reddish  or  brownish  conglomerate  to  fine  sand- 
stone, in  shades  of  light  yellow,  reddish,  and  brown  or  purplish. 
In  Clonmel,  where  sandstone  has  been  most  used,  it  has  been  pro- 
cured from  the  other  side  of  the  Suir,  in  the  Co.  Waterford.  A 
similar  remark  is  applicable  to  Carrick-on-Suir. 

TinnaMUy.  Six  miles  north-east  of  Carrick-on-Suir. — ^Yellow 
to  brownish;  silicious-grained ;  with  little  cement;  ferriferous; 
very  slightly  micaceous.  From  here,  and  from  Millyale,  Co. 
Waterford,  have  been  procured  most  of  the  sandstone  used  in 
Carrick. 

Dundrum.  About  a  mile  from. — ^Tellowish-grey ;  very  good 
texture ;  suitable  for  all  kinds  of  dressed  work.  Mr.  Sharp,  the 
well-known  Dublin  builder,  states  that  he  believes  this  stone  would 
be  very  generally  used  if  it  were  known. 

Drumbane.  About  seven  miles  southward  of  Thurles. — ^Whitish 
or  light-grey;  quartz-grains;  argillaoo-silicious  cement;  slightly 
ferriferous ;  works  freely ;  can  be  raised  in  large  scantlings.  Was 
used  in  the  Court-house,  Nenagh,  twenty  miles  distant,  and  in  the 
Model  School,  Clonmel.  This,  like  the  Dundrum  stone,  ought  to 
be  more  generally  known;  it  is  an  admirable  material,  more 
durable  than  limestone,  and  veiy  suitable  for  staircases,  as  it  can 
be  obtained  in  nearly  any  scantlings,  and  is  capable  of  long 
bearings. 

Carrick.  Near  Boscrea. — ^light-brown;  silicious;  very  little 
cement;  fine-grained;  dense. 
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In  Bosorea,  both  in  ancient  and  modem  times,  the  local  sand- 
stone has  been  extensiyely  used.  A  better  quality  has  been  brought 
from  Ballinsallyy  Queen'^  County ;  but  the  old  structures,  as  men- 
tioned by  Wilkinson,  seem  to  be  biiilt  of  the  local  stone.  In  Cro- 
nan's  Church  and  the  Bound  Tower,  the  original  working,  as  far 
as  now  preserved,  seems  to  have  been  good ;  but  the  stones  were 
not  well  selected,  some  now  being  very  much  disintegrated.  The 
stones  in  the  old  castle  are  fine  and  thin-bedded,  and  although  not 
80  much  weathered,  they  seem  to  have  been  weak,  as  some  are 
cracked  at  their  edges. 

In  other  localities  where  the  Lotcer  Carboniferous  Sandstone 
occurs  margining  the  Ordovicians,  good  stone  can  in  places  be 
procured,  and  has  been  used  locally.  The  conglomerates  and 
coarse  sandstones  have  been  in  request  for  bridges  and  walls,  for 
which  they  are  admirably  suited,  while  in  places  they  were  for- 
merly wrought  into  millstones.  Thin-bedded  stones,  used  as  flag- 
ging in  Cashel,  are  raised  near  Dundrum,  and  similar  stones  for 
flagging  in  Tipperary  have  been  procured  at  Shrough,  seven  miles 
distant ;  they  have  also  been  iLsed  extensively  in  the  military  bar- 
racks there,  and  at  Fermoy,  Co.  Cork. — {James  Neicstead,) 

[As  very  superior  stones  are  known  to  exist  near  Dundrum,  and  at  Dnimbanc, 
southward  of  Thurles,  similar  veins  ought  also  to  occur  elsewhere  in  the  county  margin- 
ing the  tracts  of  Ordoviciam,  But  they  have  not  been  looked  for,  the  stones  of  this 
county,  as  already  mentioned,  not  being  in  the  market,  and,  except  locaUy,  are  not  of 
note ;  but  if  inquired  after  they  would  probably  be  more  in  request  than  some  now 
sought  after.] 

CoAL-MEASURES. — ^lu  different  places  there  are  good  stones  for 
walling  and  rubble ;  but  as  they  in  general  hammer  badly,  the 
quoins,  sills,  and  other  stones  for  dressed  work  are  procured  from 
the  Devonian  or  Yellow  Sandstone  quarries. 

In  places  in  the  Eallenaule  district,  below  the  lowest  coal,  good 
flags  can  be  raised. 

Sand  and  Gravel. — ^Near  Eoscrea,  Thurles,  and  Tipperary, 
are  Eskers,  from  which  can  be  procured  an  unlimited  supply  of 
pit  sand  and  gravel.  Grood  sand  can  also  be  got  near  Clonmel  and 
Nenagh,  and  an  inferior  kind  near  Cashel.  River  sand  occurs  in 
places  in  the  Suir  and  the  other  rivers  and  streams. 

The  Esker  sands,  and  also  a  marly  gravel  was  formerly  exten- 
sively used  as  manure.    The  latter  was  called  Corn  gravely  as  it 
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gave  excellent  crops  of  wheat ;  but  sinee  the  change  in  the  cUmate 
which  pxeyents  the  wheat  from  properly  yielding  and  ripening, 
and  the  confiequent  falling  o£E  in  that  crop,  it  is  not  much  ufied. 


TYBOKE. 

This,  at  the  present  tune,  is  the  premier  sandstone  countiy: 
not,  howeyer,  as  regards  quantity,  but  as  to  the  quality  to  suit  the 
present  market;  and  also  as  to  yariety,  they  being  of  different 
colours,  textures,  and  haidnesSi  and  belonging  to  various  G^logical 
groups  and  sub-groups. 

To  the  northward,  extending  from  near  Omagh,  north-eastwazd 
into  Londonderry,  is  the  tract  of  metamorphio  rocks,  suggested  by 
Dr.  Hinck  as  possibly  of  Laurentian  age;  but,  as  shown  in  the 
'^Introduction"  (page  515),  more  probably  the  equivalents  of  the 
Arenig,  or  even  possibly  of  the  Cambrian.  In  the  vicinity  of  Pome- 
roy,  against  these  rocks  is  a  small  tract  of  rocks  that  possibly  may 
in  part  represent  the  Llandovery^  which,  as  given  in  the  Table  of 
Strata  (Part  i.,  page  204),  are  the  Passage-beds  between  the  Slla- 
rian  and  the  Ordovician ;  these  rocks,  however,  are  evidently  nearer 
allied  to  the  last  than  the  first. 

On  the  southward  of  these  strata  is  a  considerable  and  wide 
tract  of  Silurian^  of  the  ''Lower  Old  Bed  Sandstone"  type — ^the 
eastern  portion  of  the  area  already  mentioned  when  describing 
Fermanagh  (page  560) ;  and  still  further  to  the  southward,  in 
places  margining  these  rocks,  is  a  narrow  band  of  Lower  Car- 
boni/erous  Sandstone, 

North  of  the  Tyrone  Goal-field  there  is  a  tract  of  Ca^  Sand- 
stone brought  up  by  a  fault,  while  there  is  a  second  south-west  of 
Dungannon  (Dungannon  Park).  Farther  south-westward,  north- 
east and  south-east  of  Aughnadoy,  are  tracts  of  somewhat  similar 
rocks  that  have  been  classed  among  the  Calp  Sandstone;  but  it 
should  be  pointed  out  that  they  are  also  more  or  less  like  the 
rocks  of  the  Fermanagh  Series  (Lower  Ooal-Measores)  of  the  SlievB- 
Beagh  district,  counties  Fermanagh  and  Monaghan  (page  561) ; 
while  in  the  neighbourhood  of  Aughnadoy  they  appear  to  join 
into  one  another.  It  seems  possible  that  in  the  latter  neighbour- 
hood the  geology  has  not  been  properly  worked  out,  and  hereafter 
(north  of  the  Tyrone  Coal-field),  it  will  be  found  that  the  Coal- 
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measnres  and  Galp  Sandstone  are  brought  together  by  a  fault,  a 
downthrow  to  the  south-eastward. 

[AU  these  lithologicallj  similar  rocks  ta  the  north-east  of  the  Blackvater  (Aughna- 
cloy]  are  called  on  the  new  maps  Calp,  while  west  and  south-west  of  that  river  they 
are  called  hy  the  nnappropriate  English  sub-group  names,  Toredale  beds  and  Milhton& 

The  well-known  sandstones  of  the  Co.  Tyrone  are  all  of  Car- 
boniferous age ;  but  they  may  belong  to  the  Lower  Carboniferous 
SandstonCy  the  Calp,  or  the  Coal-measures.  The  rooks  in  the 
neighbourhood  of  Aughnacloy,  as  already  mentioned,  may  belong 
to  either  of  the  latter  groups;  here,  provisionally,  they  will  be 
described  with  those  of  the  Calp.  The  Calp  is  of  the  two  types, 
the  ordinary,  and  the  "Ulster  type;"  the  rooks  in  these  wUl  be 
giyen  separately. 

[The  Bubdiyisions  of  ''  Upper  and  Lower  Calciferous  Series"  adopted  in  the  Geolo- 
gieal  Survey  Memoirs  are  only  lithological ;  the  reddish  pebbly  rocks  forming  the  latter. 
These  dark-coloured  rocks  may,  however,  occur  on  any  geological  horizon,  their  colour 
and  composition  being  solely  due  to  islands,  or  other  shore  lines  in  the  Carboniferous 
sea,  they  always  being  found  adjoining  a  protrude  of  the  older  rocks.] 

These  rooks  have  been  used  in  the  county — very  generally  in 
Dungannon,  Coalisland,  Clogher,  Omagh,  Cookstown,  Castlederg, 
and  Caledon;  while  in  Strabane,  and  other  places  in  the  schist 
regions,  they  are  used  for  quoins  and  other  dressed-stone  purposes. 
At  Baronsoourt  they  were  used,  except  the  Portland  stone  for  the 
staircases,  and  in  a  few  other  places.  Out  of  the  county  they  have 
been  extensively  used  for  cut-stone  purposes. 

Near  Benburb,  at  the  south  margin  of  the  county,  are  sand- 
fitones  that  have  been  said  to  be  of  Permian  age ;  but  on  account 
of  the  assemblage  of  fossils  in  these  and  the  associated  rocks,  and 
also  of  their  position,  Baily  and  the  writer  have  suggested  that  they 
must  belong  to  the  Carhoniferous. 

In  the  northern  portion  of  the  county,  at  Cookstown  and  Kil- 
dress,  at  Omagh  and  south-east  of  Strabane,  are  tracts  of  Calpy  of 
the  "Ulster  type"  {vide  "Introduction") ;  while  north  of  Dim- 
gannon,  and  further  northward  at  Annaghone  are  Coal-measures 
(Tyrone  Coal-fields).  Near  Cookstown  and  Coagh,  and  extend- 
ing southward  past  Dungannon  into  the  Co.  Armagh,  Trias  ("  Bed 
Eree")  is  found. 
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The  Okdovician  grits  are  very  little  used  even  for  local  ptup- 
poses,  the  associated  slates  being  preferred  for  ordinary  work.  At 
Strabane,  Castlederg,  and  other  places  in  the  north  of  the  countj 
the  metamorphosed  Ordovicians  [Micahjte^  Argillf/te,  &c.)  are  used 
for  walling,  the  cut-stone  work  nearly  invariably  being  Carboni- 
ferous Sandstone.    Near  Strabane  flags  are  procured. 

Silurian. — These  range  from  conglomerate  to  fine  sandstoneB; 
in  general  being  silicious,  but  often  argillaceous,  or  even  carbona- 
ceous. Similarly,  as  in  the  Co.  Fermanagh,  they  have  been  used  a 
little  for  cut-stone  purposes,  and  are  very  suitable  for  coarse  work, 
such  as  bridges  and  walls.  Formerly,  in  some  places,  the  yeiy 
silicious  varieties  were  wrought  into  millstones. 

Lacagh.  About  two  miles  south-east  of  Fintona. — ^Purple  and 
reddish ;  conglomeritic ;  yields  sills  and  quoins ;  used  in  the  bnild- 
iDg  of  Fintona  new  bridge. 

Dungoran.  Near  Fintona. — ^Yellowish;  grains  white  quartz; 
a  little  argillo-silicious  cement. 

Raveagh.  Near  Fintona. — Brown;  makes  good  rubble;  used 
in  Eaveagh  House. 

Dumiiven.  Three  miles  south-west  of  Fintona. — Cream  colour, 
greyish-white,  and  greenish-grey.  Bather  argillaceous  and  Id- 
spathic ;  partly  calcareous ;  granular ;  fine-grained ;  f ree-workiiig. 

Lackagh.  Three  miles  from  Fintona. — ^Dark-purplish;  semi- 
crystalline. 

Pomeroy,  A  mile  from. — ^Dark-purplish  grey ;  semi-crystal- 
line ;  granular ;  micaceous ;  works  fairly  well. 

Lower  Carboniferous  Sandstone. — Generally  greyish  or  yel- 
lowish in  colour;  some,  however,  reddish;  more  or  less  silidoos; 
unequal  grained;  works  freely,  but  soon  wears  the  toob.  In 
places  some  of  the  more  silioious  varieties  were  wrought  into  miU- 
stones. 

Derrgnascope.  One  mile  from  Augher. — Greyish  and  yellow; 
silicious-grained,  with,  in  some  beds,  a  reddish  felspathio  cement. 

DertumlL  Four  miles  from  Augher. — Greyish-white  to  yel- 
lowish; silicious;  argillo-silicious  cement;  granular;  micaceous; 
in  some  beds  ferriferous. 

Altaven,  Five  miles  from  Augher. — Gxeenish-white,  with 
yellow  seams;  very  quartzose;  unequally  grained. 

Ballgmagotcan,     One  mile  from  Glogher. — ^Yellowish;  white 
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silicious  grains ;  a  little  f elspathio  cement ;  when  ferriferous  they 
have  a  reddisli  tinge. 

Elderwood.  Three  miles  from  Pivemiletown. — Reddish;  sili- 
oious  grained ;  felspathio  cement. 

Cavey.  One  mile  from  Ballygawly. — ^Yellowish;  silicious;  a 
little  cement ;  fine-grained ;  ferriferous.  The  conglomerates  near 
Ballygawly  were  formerly  wrought  into  millstones  and  flax- 
crushers. 

Calp  {Ulster  type). — Many  of  them  are  beautiful  stones — 
creamy  or  yellowish  in  colour,  or  with  a  bluish  tint.  In  general 
they  are  free-working,  open-grained,  and  capable  of  producing 
good  work ;  some,  however,  are  not  suitable  for  heavy  bearing. 
From  the  ancient  buildings  in  which  they  were  used  they  seem 
to  be  very  durable. 

These  sandstones  occur  in  limited  thicknesses  of  strata,  the 
" over-bearing"  or  cover-rocks  being  limestones  or  shale.  This,  as 
the  quarry  is  worked  in  on  the  dip  (which  is  low)  of  the  stone, 
very  often  becomes  excessive,  so  that  the  expense  of  removing  it 
may  become  greater  than  the  value  of  the  stone.  In  other  quar- 
ries the  good  stone  occurs  in  more  or  less  lenticular  or  other  masses, 
adjoining  which  the  stones  are  inferior.  For  these  causes,  quarries 
once  famous  are  now  worked  out  or  abandoned. 

Cooksiotcn.  In  different  quarries  in  the  vicinity  of. — ^Yellowish, 
creamy,  or  with  a  bluish  tint;  silicious-grained ;  a  little  argUlo- 
silicious  cement ;  open-grained ;  slightly  micaceous ;  soft,  and  not 
suitable  for  heavy  bearings.  Mr.  Dickinson  states: — "Some  of 
the  beds  are  hard  and  excellent  for  all  kinds  of  masonry."  From 
Tamlaght  quarries  were  procured  the  stones  used  in  the  Lower 
Bann  navigation  works,  while  those  used  in  the  building  of  Killy- 
more  Castle  came  from  the  quarry  nearly  a  mile  north-west  of  the 
workhouse.  Stones  from  the  Cookstown  quarries  were  also  "  used 
in  the  Provincial  Bank,  Belfast:  a  light,  tough  sandstone,  hard  to 
dress,  and  does  not  stand." — ( JF.  Chrey.) 

Kildress.    Stones  very  similar  to  those  of  Cookstown. 

Loughrea.    South  of  Cookstown. — Similar  stone. 

Trinmadan,  Nearly  two  miles  from  Gortin. — ^Yellowish ;  quartz 
grains ;  argillo-silicious  cement ;  granular. 

CarrickmorCy  four  miles  from  Gortin ;  Douglas  Bridge^  eight  miles 
from  Strabane ;  Mullinavarray  three  miles  from  Castlederg ;  Berry- 
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guinna  and  Longfield^  where  most  of  the  stones  used  in  the  hoilding 
of  Baronsoourt  were  procured;  and  Drutnquiny  west  of  Omagk. 
In  these  quarries  the  stones  are  more  or  less  similar  to  those  of 
Cookstown.  From  the  Drumquin  quarries  were  procured  the  stones 
for  the  pillars  in  the  Omagh  Courthouse. 

At  Cookatofcn,  Drumquin^  and  Carrichmorej  especially  the  latter, 
flagging  has  been  procured  for  the  neighbouring  towns. 

Calp. — ^These  rocks  occur  to  the  north  of  the  Coalislahd- 
GoALFiELD,  and  in  tracts  of  less  or  greater  dimensions  in  the 
county,  west  and  south-west  of  Dungannon.  As  pointed  out  pre- 
yiously,  they  are  in  some  respects  similar  to  the  rocks  of  the 
Slieve-Beagh  district. 

Bloom  HilL  About  four  miles  north  of  Dungannon,  and  thiee 
from  the  Donaghmore  Station,  Great  Northern  Railway.— Two 
quarries,  of  different  qualities  and  colour.  Creamy,  greyish-white, 
and  reddish-yellow ;  the  latter,  or  Red-bedSj  being  inferior.  Prin- 
cipally silicious-grained,  very  little  oement,  fine-grained.  Some 
beds,  especially  the  reds,  axe  in  part  argillaceous  and  mioaoeous  or 
ferriferous.  Mr.  Hardman  states : — "  The  stone  much  resembleB 
that  at  G-ortnagluck  and  Carlan  (presently  mentioned),  is  equally 
good  for  building  purposes,  and  has  been  much  used." — [6.  S.  M.) 
It  has  been  much  used  in  Dublin  and  other  places.  In  the 
Belfast  banks,  Donegal  and  Ballyshannon,  it  has  been  found 
very  durable. 

Gortnagluck  and  Carlan.  About  half  a  mile  apart,  and  appa- 
rently on  one  set  of  strata,  about  two  miles  from  the  Donaghmore 
Station,  Great  Northern  Eailway. — Of  slightly  varied  colour  and 
quality ;  creamy,  yellowish,  greyish,  white  and  reddish— the  Bed' 
beds  being  inferior.  Silicious-grained ;  very  little  cement ;  slightly 
micaceous  and  ferriferous ;  cuts  freely  and  well ;  can  be  raised  of 
good  scantlings ;  gets  hard  from  exposure,  and  is  durable  when 
worked  on  its  bed.  It  is  a  favourite  for  cut-stone  purposes  in 
Ballymena,  Co.  Antrim,  where  it  is  considered  the  best  of  the 
"  Dungannon  stone ;"  the  Belfast  people,  however,  seem  to  prefer 
the  Eanfurly  (Mullaghana)  stone.  It  was  used  for  all  cut-stone 
purposes  in  Baveagh  House,  near  Fintona ;  Convent  of  Kerqyy 
Ballyshannon,  Co.  Donegal ;  Eoman  Catholic  Church,  Haghera- 
f elt,  Co.  Derry ;  Harbour  Offices,  Londonderry ;  and  in  various 
other  places. 
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Spademill.  An  old  quarry,  now  not  of  note. — Some  of  the 
l)eds  excellent  for  scythe  stones. 

Rattfurly  or  Mullaghana.  Joined  by  a  siding  to  the  Dun- 
gannon  Bailway  Station. — Creamy  and  yellowish ;  silicious ;  very 
little  cement;  fine-grained;  lasting  colour;  difficult  to  work. 
The  quarry,  after  being  for  some  time  closed,  was  recently  worked, 
but  is  now  (1887j  again  closed.  Was  used  in  the  Post  Office  and 
Northern  Bank,  Belfast,  and  Northern  Bank,  Fintona ;  also  in  the 
addition  to  the  Eoyal  University,  Dublin,  where  it  has  been  found 
durable  and  to  retain  its  colour. 

The  "  Dungannon  stone,"  from  some  one  or  other  of  these  diffe- 
rent quarries,  has  been  extensively  used  in  Dungannon.  Accord- 
ing to  a  list,  to  which  I  am  indebted  to  Mr.  Dickinson,  some  of  the 
principal  buildings  are :  the  Provincial  Bank,  Parish  and  Eoman 
Catholic  Churches,  Shiel's  Institution,  Police  Barracks,  and  Paro- 
chial Hall.  Elsewhere  it  has  been  used  at  Boxborough  Castle,  Moy ; 
bridge  over  the  Ballinderry  river,  near  Coagh  (cost  £5000);  tiie 
clock  tower,  and  St.  Patrick's  Church,  Belfast.  "  These  Dungannon 
stones,  with  those  from  Dungiven  (Co.  Londonderry),  and  Cooks- 
town,  were  used  promiscuously  in  the  public  offices  (Post-office,  Cus- 
toms, and  InlandEevenue),and  the  Apprentice  Boys' Memorial  Hall, 
liondonderry ;  also  with  the  Dungiven  stone  only  in  the  Lunatic 
Asylum,  where  the  stones  from  each  quarry  were  used  in  a  separate 
building.  Bloomhill^  for  the  gate-lodge  and  offices ;  Oortnaglucky 
for  two  separate  wings ;  Carlan^  in  the  doctor's  residence ;  and  the 
Dungiven^  in  two  octagonal  wings  and  the  front  of  the  old  portion 
of  the  asyltmi.  In  the  military  barracks,  Omagh,  Dungannon 
stone,  of  the  inferior  quality  known  as  the  Red-beds^  was  used ; 
it  works  easily,  but  is  not  durable." — {J.  Cockburn.) 

Aughnaclog. — Grreyish  to  yellowish;  silidous-grained.  Also 
quarried  three  miles  south-east  of  Aughnaoloy. 

Olencall.  One  mile  from  Aughnacloy. — Ghreyish-white ;  slightly 
stained  with  iron ;  very  silicious ;  silicious  cement ;  a  little  mica. 

Brantry.  Six  miles  south  of  Dungannon. — Purplish-grey; 
slightly  variegated;  semi-crystalline;  granular;  micaceous. 

Coal-measures. — Some  of  the  arenaceous  rocks  of  this  sub- 
group, unlike  those  that  in  general  occur  in  the  measures  of 
Munster  and  Leinster,  are  free- working  stones.  Erarelv,  however, 
can  they  be  raised  profitably,  on  account  of  the  "clearing"  or 
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<< over-bearing"  of  drift,  or  useless  rocks,  that  overlie  tiiem ;  they 
are,  however,  inferior  to  the  Calp  Sandstone,  and  no  qnany  in 
them  seems  now  to  be  worked. 

Edendorh  Two  miles  northward  from  Dungannon. — Beddish ; 
fine-grained  ;  slightly  micaceous ;  soft ;  not  now  worked. 

Sand  and  Gravel. — ^Eskers  extend  from  Kiilymoon,  near 
Gookstown,  to  Dmigannon,  and  thence  by  Ballygawly,  Clogher, 
and  Fivemiletown  into  the  county  of  Fermanagh ;  in  them  there  is 
an  unlimited  supply  of  good  pit  sand  and  gravel.  Some  of  th^e 
so-called  Eskers,  as  in  the  Fomeroy  valley,  are  evidently  Oladal 
river  gravel.  {See  Monaghan,  p.  592.)  Good  pit  sand  can  also 
be  procured  near  Gortin.  Eiver  sand  occurs  in  the  Foyle,  at 
Lifford  Bridge,  near  Strabane ;  in  the  Moyne,  near  Omagh,  and 
elsewhere  ;  near  Castlederg,  and  in  many  of  the  rivers  and  streams 
from  the  hills. 


WATEBFOBD. 

Occupying  a  considerable  area  in  the  east  of  the  county  is  a 
large  tract  of  Ordovicians.  Overlying  this,  to  the  west,  in  the 
MonavuUagh  and  Comeragh  Mountains,  are  massive  conglomerates, 
sandstones,  and  slates,  which  to  me  seem  to  be  littoral  acoumula- 
tions  of  the  "West  Cork  and  Kerry  Devonians.^  If  this  suggestion 
is  correct,  portion  of  the  younger  rocks,  in  the  Galteea,  to  the 
northwest,  and  Slievenaman  to  the  north,  ought  to  be  also  Devo- 
nians. These  Devonians,  as  in  Cork  and  Kerry,  seem  to  graduate 
upward  without  any  quick  or  decided  change,  into  the  TeUoK 
Sandstone  or  Lower  Carboniferous  Sandstone;  as  in  general  the 
dips  in  both  groups  of  rocks  are  similiar.  This,  however,  is 
not  always  so,  as  in  the  neighbourhood  of  Glenpatrick,  to  the 
southward  of  Clonmel  and  Ealshelan,  there  is  a  sudden  change  in 
the  direction  of  the  dips,  the  later  rocks  dipping  northward  at  low 
angles,  and  the  older  southward  at  high  ones.  This  change  may 
possibly  only  be  due  to  a  line  of  fault ;  but  it  may  be  caused  by 
an  unconf ormabiUty :  it  should,  however,  be  more  carefully  ex- 
aitiined  into.    However,  to  the  southward  in  these  hills,  and  also 

>  John  Kelly,  I  think,  waa  of  a  similar  opinion,  hut  I  do  not  know  exactly  where 
he  stated  it 
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fariher  west  in  Knookmeeldowiiy  one  group  appears  to  graduate 
into  the  other;  the  Yellow  Sandstone  margining  the  Devonian. 
The  Yellow  Sandstones  also  occur  in  places  eastward  (estuary  of 
the  Suir),  and  in  a  band  to  the  northward  of  the  Ordovicians. 

In  the  south  division  of  the  county,  that  is  south  of  the  valley 
from  Dungarvan  to  the  Blaokwater  at  Idsmore,  there  are,  east  and 
west,  ridges  of  sandstones,  separated  by  troughs  of  Carboniferous 
limestones  or  shales ;  and  in  these  ridges,  as  in  Cork,  farther  west, 
if  there  is  a  sufficient  thickness  of  strata  exposed,  the  Yellow  Sand- 
stone {Lower  Carboniferous  Sandstone)  is  found  to  graduate  down- 
ward into  the  Devonian. 

In  the  Bonmahon  mining  district,  in  two  or  three  places,  very 
small  patches  of  red  or  purplish  conglomerate  and  sandstone  have 
been  found  lying  on,  or  partly  in,  the  Ordovician.  These  must  be 
either  of  Silurian  or  Devonian  age,  probably  the  latter :  that  is, 
small  outliers  of  the  Comeragh  conglomerates. 

Ordovician. — The  major  portion  of  the  grits  and  sandstones 
are  not  fitted  for  general  cut-stone  purposes,  although  some  dress 
on  the  bedded  surfaces;  nor  are  they  in  much  repute  for  common 
walling  purposes,  the  associated  slate  being  preferred,  except  in  a 
few  cases.  There  are,  however,  some  green  tuffose  sandstones  that 
are  associated  with  the  Exotic  bedded  rocks ;  these  do  not  seem  to 
have  been  much  utilized  in  this  county,  although  very  similar 
rocks  have  been  used  during  ancient  and  modem  times,  in  the 
Co.  Wexford,  where  they  have  produced  good  and  durable 
work. 

Grange  Hill.  Waterford. — Here  there  is  a  slaty  grit  that  has 
been  much  used.  It  is  very  strong  and  hard,  but  very  difficult  to 
raise,  on  account  of  the  absence  of  back  joints ;  it  dresses  well  on 
the  face,  but  not  on  the  edges.  It  was  used  in  the  ancient  round 
castle,  called  Eeginald's  Tower,  which  shows  the  durability  of  the 
stone.  The  dressed  work  round  the  opening  in  this  structure  is 
of  Carboniferous  Sandstone,  which  has  weathered  much  more,  but 
evenly,  than  the  Orange  Hill  stone. 

Devonian  and  Carboniferous. — ^In  the  Co.  Cork,  the  Silfi^ 
rians  and  Devonians  are  intimately  connected,  and  hard  to  separate. 
They  were,  therefore,  grouped  together.  In  this  county,  however, 
it  is  not  the  beds  below  the  Devonians  but  those  above  them  that 
are  intimately  connected.    It  therefore  is  expedient  here  to  group 
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the  Devonians  with  the  Lower  Oarbon^erous  Sandstone  (Yellow  Saad^ 
stone),  and  to  desoiibe  the  stones  that  oooar  in  both  together. 

These  stones  are  yeij  generally  used  throughout  the  oooniy, 
either  for  cut-stone  or  rubble  purposes.  The  stones  usually  aie 
shades  of  brown,  green,  and  yellow.  In  tixe  west  of  the  eounly 
different  varieties  of  stone  are  very  much  mixed  up ;  as  quite 
distinct  stones  very  often  occur  together  in  one  quacry.  At 
Skoroughf  eastward  of  lismore,  in  one  quony,  there  are  four 
varieties,  interstratified,  ranging  from  finely-laminated  slate  to  a 
gritty  sandstone.  A  soft,  earthy,  f elspathic,  and  micaceous  stone, 
from  Ballysaggart,  was  used  in  the  dressings  of  the  Roman  Catho- 
lic Church,  Lismore ;  while,  about  three  miles  eastward  of  the 
town,  in  one  quarry  there  are  roofing-slates,  good  flags,  and  free- 
stone, all  of  which  were  formerly  worked.  These  slates,  however, 
were  eventually  cut  out  by  the  Welsh  slate.  In  the  same  town- 
land,  but  nearer  Lismore,  there  is  a  stone  fit  for  cut-work ;  but  it 
varies  in  quahty,  the  best  being  in  beds  from  two  and  a-half  to 
three  feet  thick.  There  are  also  other  quames,  nearer  to  the 
town,  but  difficult  of  access.  For  the  buildings  in  Lismore  sand- 
stone has  principally  been  used ;  but  in  the  church  erected  about 
fifty  years  ago  limestone  was  used,  and  also  in  the  muUions  and 
windows  of  Lismore  Castle. 

Olefiniveene.  About  five  miles  from  Lismore. — ^Elags ;  diflBoolt 
to  dress,  as  they  are  liable  to  chip  at  the  edges. 

Slieve-Grian.  In  different  places. — ^Light-coloured,  silidous, 
felspathic  cement;  slightly  micaceous;  even-grained;  porous; 
good  quality;  works  freely.  Yery  generally  used  for  dressed 
work  in  Dungarvan,  from  which  the  quarries  are  distant  some 
seven  to  nine  miles. 

In  Cappoquin,  the  stone  most  used  is  a  local  thin-bedded, 
gritty,  silicious,  speckled  sandstone. 

Cappagh. — ^An  excellent  dry  stone,  but  difiGlcult  to  work,  as  it  has 
no  regular  bedding  or  soles.  Used  in  the  new  house  at  Cappagh. 
Oreen  flags  have  also  been  procured  in  the  neighbouring  lulls. 

Ballyharahan  and  KilUmgford.  Near  Dungarvan. — ^Brownisli 
and  yellowish,  but  more  usually  variegated.  Generally  soft,  fine, 
argillaceous,  and  micaceous  on  the  bedded  surfaces ;  porous^  and 
easily  worked.  In  the  quarries  there  are  some  subordinate, 
felspathic,  and  more  coarsely-grained  beds,  from  twelve  to  fifteen 
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indies  thiok.  Generally  nsed,  but  often  "with  limestone,  for 
rabble  and  ivalling  in  Dnngarvan,  the  diesaing  being  Slieve- 
Grian  stone  or  Wbiteobnroh  limestone. 

Ardmore. — ^The  ancient  round  tower,  as  pointed  out  by  Wil- 
Idnson,  ^'is  a  fine  example  of  oat-stone  masonry,  and  demon- 
strates the  durability  of  the  sandstone  of  the  neighbourhood." 
^  Walling  in  squared  coursed  work  of  reddish-grey  sandstone,  is 
in  good  preservation." 

'<  Chnmel  Quarry.''  Half  a  mile  from  Glonmel.— Whitish  to 
greenish ;  silicious ;  in  some  beds  an  argillaoeous,  siUdous  cement ; 
works  well.    The  sandstone  generally  used  in  Glonmel. 

Millvale.  Two  miles  from  Carrick-on-Suir. — Beddish ;  silidous ; 
with  a  little  silicious  cement ;  ferriferous.  Has  been  largely  used 
in  Garrick. 

Waterford. — The  conglomerate  that  lies  unconformably  on  the 
GrdovicianS  seems  to  be  rarely  used,  except  for  road  metal.  About 
a  mile  from  the  town  there  is  a  quarry  in  reddish-brown,  good 
sandstone ;  but  as  it  is  difficult  of  access*  it  is  not  now  much  used. 
Brown  Head  Promontory.  East  of  Tramore  Bay. — Dark-red 
sandstone.  It  is  very  effective,  with  granite  mouldings,  in  New- 
town House,  near  Waterford. 

To  the  east  of  the  county,  adjoining  the  estuary  of  the  Suir 
and  Barrow,  there  are  limited  tracts  of  conglomerate  and  sand- 
stone well  adapted  for  heavy  work,  such  as  piers  and  sea-walls, 
as  they  are  capable  of  being  raised  in  large  squarish  blocks.  At 
Dunmore  East  there  are  good  workable  beds  in  the  red  sandstone 
clifb,  which  have  been  locally  used  in  sea- works;  in  the  town 
and  the  coastguard-station :  they  are  not  durable.  New  Eoss  pier. 
Go.  Wexford,  is  built  of  this  class  of  stone ;  which  was  brought 
either  from  one  of  these  tracts,  or  from  that  at  Ballyhaok  and 
Arthnrstown,  Go.  Wexford.  Mr.  Langrish  states : — *^  The  stone, 
from  its  hardness  and  roughness  of  surface,  ought  to  make  splen- 
did coping  for  a  quay  wall,  preferable  to  granite  or  limestone, 
which  wear  quite  smooth." 

Sakd  and  Gravel. — Pit  sand  and  gravel  are  dispersed  over  the 
county,  but  generally  not  in  quantity.  In  many  cases  the  sand  is 
very  fine.  At  the  round  hill  near  lismore  there  are  good  building 
and  moulding  sands,  the  latter  used  in  the  Gappoquin  Foundry;  also 
close  to  Ballyduff  railway  station.    Rker  sand  is  found  in  some  of 
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the  rivers  and  streams.  For  Waterford,  they  procure  it  aboTit 
sixteen  miles  np  the  Suir,  near  Portlaw.  *^  At  Bonmahon  there  is 
a  sea  sand  (.Slolian)  fit  for  almost  any  building  or  oonorete.  It  is 
artificial,  being  due  to  the  washings  from  the  stamps  when  the 
copper  mines  were  at  work." — ( W.  S.  Duff^n). 

Glass. — Early  in  the  century  glass  bottles  were  made  opposite 
to  Ballycarvel ;  and  subsequently,  about  fifty  years  ago,  there  was 
a  large  glass  manufactory.  The  "  Qatchell  or  Waterford  glass" 
was  famous,  this  ^'  Irish  glass  "  having  a  name  even  in  India,  to 
which  it  was  Icurgely  exported.  It  ceased  about  1845,  after  the 
death  of  George  Gatchell,  as  on  his  death  the  lease  of  the  premises 
expired,  and  the  landlord  wanted  to  double  the  rent.  This,  com- 
bined with  his  widow  wishing  to  retire  to  England — her  native 
country — broke  up  the  industry.  A  sand  for  cutting  purposes 
is  said  to  have  been  brought  from  the  Go.  Kilkenny,  and  the  rest 
from  the  Isle  of  Wight,  England. 

[Flint  sand  is  the  principal  ingredient  in  flint  glass.  There  is  also  red-lead,  pearl- 
osh,  manganese,  arsenic,  &c.,  the  ingredients  and  the  quantity  of  each  used  depending 
on  the  METAL-MIXER.  The  metal-mixer  locks  himself  into  his  room,  and  there  mis^ 
the  seyeral  compounds.  If  his  talent  in  this  department  leads  to  a  good  result,  as  iras 
always  the  case  in  the  Wateiford  glass  when  Walter  Furcill  was  the  metal-mixer, 
such  a  man  can  almost  carry  everything  his  own  way. — (George  Miller), '\ 


This  area  is  occupied  nearly  solely  by  Carboniferous  limestone. 
At  Sion  Hill,  however,  north  of  Killucan,  there  is  a  very  small 
exposure  of  OrdoviciaUj  margined  by  Loicer  Carboniferous  Sand- 
stone^ the  latter  rock  also  appearing  in  a  few  scattered  exposures 
near  Moate,  and  near  Ballynacarrig,  to  the  north-west  of  the 
county.  These  sandstones  are  of  very  limited  extent,  and  are 
only  used  in  their  intermediate  vicinities. 

South-west  of  Mullingar,  in  the  parish  of  Lynn,  are  some 
quarries  of  calcareo-argillaco-arenaceous  flags. 

Sand  and  Gravel. — Pit  sand  ^ndi  gravel  are  common  through- 
out the  county,  and  of  a  fair  quality. 
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WEXFOBD. 

Under  the  major  portion  are  Cambrian^  Ordoviciany  and  Granite; 
Carboniferous  rooks  only  occurring  in  very  limited  tracts,  as  near 
Wexford  Harbour,  in  a  band  across  the  baronies  of  Forth  and 
Bargy,  at  Baginbun,  in  Hook  Promontory,  and  on  the  edge  of 
the  estuary  of  the  Suir,  westward  of  Fethard,  and  at  BaUy- 
hack. 

Cambrian. — These  rocks  are  in  part  metamorphosed.  Some  of 
the  more  homblendic  patches  have  been  said  to  be  of  Laurentian 
age ;  as,  however,  such  patches  would  be  Mosaics  in  the  Cambrians 
(to  quote  Dr.  Callaway),  it  is  far  more  probable  that  all  are  equiva- 
lents of  the  Cambrian  (page  516).  In  these  there  are  quartz-rock, 
quartzyte,  and  grits,  mostly  unshapely,  and  more  suited  for  road 
metal  than  any  other  purpose.  Some  of  them,  however,  can  be 
raised  in  large  blocks,  suitable  for  sea-walls,  for  which  they  have  in 
places  been  used,  as  in  the  embankments  of  the  north  and  south 
intakes. 

Ordovician. — Usually  the  grits  are  only  suitable  for  rough 
local  walling ;  in  places,  however,  there  are  more  or  less  calcareous 
tuffose  sandstones  associated  with  the  interbedded  Exotic  rocks. 
These,  as  exhibited  in  the  ancient  structures,  such  as  the  old  build- 
ings in  Ferns  and  Wexford,  if  well  selected,  are  durable  stones ; 
and  are  also  capable  of  fine  sculpturing,  as  seen  in  the  beautiful 
Egyptian  doorway  of  the  little  church  of  Clone,  about  a  mile 
southward  of  Ferns.  Of  late  years  they  have  been  used  in  Clone 
new  church,  and  in  some  of  the  bridges  of  the  Dubb'n  and  Wex- 
ford Bailway.  It  is  a  stone  that  ought  to  be  more  generally  used, 
being  very  free- working,  easily  raised,  and  durable  if  well  selected. 
When  first  worked,  the  colour  is  greenish-grey ;  it  then  becomes 
discoloured,  but  this  discolouring  seems  subsequently  to  wash  out, 
if  we  may  judge  of  the  stones  as  they  now  appear  in  the  old  build- 
ings. If,  as  in  the  States  of  America,  sawing  was  introduced  into 
our  quarries,  this  would  be  an  admirable  stone  to  be  thus  worked, 
as  it  is  light  and  porous,  and  might  be  cut  into  sizes  from  the 
scantling  of  brick  to  those  of  quoins,  sills,  &c.  It  seems  capable 
of  heavy  and  long  bearings. 

Ballymorey  near  Gorey. — A  sandstone  quarry ;  but  it  is  jointy, 
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and  doe6  not  work  well ;  Bagnalstown  granite  was  prefeirred  to 
it  for  the  dressing  of  EUtemel  Chnroli,  Gourtown. 

Cabbonifbbous. — Lower  Carboniferous  SandeUmee  are  yellowish 
and  reddish  shalj  sandstones,  and  more  or  less  ooarse  conglome- 
rates. In  the  neighbourhood  of  Wexford  Harbonr  they  have 
been  qnarriedy  principally  near  GasUebridge,  at  Artramon,  at 
Sannder's  Conrt,  and  at  Park.  From  the  latter  were  proenred 
the  stones  for  the  ^^  Father  Boche's  Ghnrohes ''  in  Wexford.  It  is 
a  pebbly  sandstone  or  fine  conglomerate,  and  gives  a  picturesque 
and  unique  aspect  to  the  buildings.  As  pointed  out  by  Wilkinson, 
it  is  a  peculiar  stone,  and  must  be  understood  by  the  masons,  as 
imder  ordinazy  circumstances  it  would  be  rejected,  and  an  inferior 
stone  preferred.  If,  however,  it  is  dressed  immediately  on  bebg 
raised  it  works  well,  and  makes  sound,  durable,  and  dry  work. 
It  was  in  part  used  in  the  old  abbey  at  Wexford.  As  it  can  be 
raised  in  squarish  blocks,  it  is  also  very  suitable  for  quay  walls, 
and  such  like  hurge  work. 

A  more  or  less  similar  stonci  and  a  yeUowish  sandstone  has 
been  quarried  in  places  in  the  baronies  of  Forth  and  Burgy, 
especially  near  Duncormick. 

At  Bc^inbun^  in  the  Hook  Promontory ^  south  of  Duncannon, 
and  at  Ballyhack^  there  are  massive  conglomerates  and  sandstones 
that  can  be  raised  in  large  blocks  suitable  for  piers  and  such  like, 
having  been  used,  among  other  places,  in  the  pier  at  Eilmore. 
Near  Arthurstown  are  quarries  of  good  grits,  formerly  much  used 
for  millstones.     (See  Waterford.) 

[In  moBt  of  the  old  ecolenastical  buildings  in  this  oonnty,  a  stone  tbij  similsr  to 
the  oaenstone  has  been  largely  used.  Some  caen  may  haye  been  used ;  but,  as  pointed 
out  by  Mr.  Robertson  of  Kilkenny,  the  stone  is  probably  Doulting  stone,  from  near 
Qlastonbory,  England.    (See  KUkimy.)] 

Sand  and  Gravel. — In  this  oounty,  below  the  250-feet  oon- 
ture  level  in  places,  there  are  vast  acoumulations  of  manure  gracel^ 
a  shelly  sand,  formerly  much  used  for  bedding  oattle,  and  aftar- 
wards  as  manure.  This,  to  the  northward  near  Gt>rey,  and  be- 
tween Enniscorthy  and  Newtownbarry,  graduates  into  ordinary 
sands  and  gravels,  those  in  the  Slaney  valley  being  for  the 
greater  part  limestone.  There  are  also,  for  miles  along  the  ooast- 
line,  large  tracts  of  .^jolian  sand ;  this,  also,  in  plaoes  was  formerly 
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used  as  manure  on  the  '^  marl  land/'  being  oonsidered  most  bene- 
ficial if  brought  from  below  high- water  mark  ^^  with  the  sea  in 
it :"  that  is»  when  wet  and  saltyi  it  was  considered  better  than 
if  the  salt  was  worked  out  of  it. 

In  the  Gorey  district,  and  the  upper  portion  of  the  Slanej  valley, 
there  is  good  pit  sand  and  gravely  also  at  the  Deeps,  to  the  north* 
ward  of  Wexford,  and  in  some  other  places.  Good  river  sand  can 
be  procured  in  limited  portions  of  the  Slaney,  and  the  other  riven 
and  streams. 


WXOBXOW. 

In  this  county  sandstones  or  allied  rooks  that  are  now  in  favour 
for  cut-stone  purposes  are  few.  The  area  is  solely  occupied  by 
OrahiUj  Cambrian^  and  Ordavician^  the  latter  in  a  great  measure 
metamorphosed. 

In  the  Cambrian  at  Bray  Head,  and  also  in  the  hills  north- 
east of  Togher  or  Boundwood,  there  are  extremely  hard  green  grits, 
and,  in  other  places,  the  quartz  rooks  are  well  suited  for  road- 
metal;  but  some  of  the  more  regularly-bedded  and  granular 
varietiee  of  the  quartzytes  might  possibly  be  worked. 

Olencarmick.  North  of  the  Great  Sugarloaf. — Warm  cream 
colour;  fine-grained;  silicious,  thin-bedded;  cuts  easily  and  well. 
Extensively  used  in  Bray  and  other  places  in  that  neighbour- 
hood.—(T.  B.  Orierson.) 

In  the  less  altered  Ordovicians,  near  the  west  margin  of  the 
oounty,  are  interbedded  green  tuffose  sandstones,  allied  to  those 
described  in  the  Co.  Wexford.  Some  of  them  were  used  in  the 
old  structures,  and  gave  good,  durable  work.  At  the  Seven 
Churches,  Glendalough,  in  the  building  now  called  ^*  St.  Kevin's 
Kitchen,''  a  metamorphosed  stone,  apparently  of  this  class,  was 
out  to  the  slope  of  the  stone  roof,  besides  being  worked  in  other 
ways,  as  in  a  carving  over  the  doorway  of  the  structure  now  called 
"The  Library." 

Sand  and  Gravel. — Pit  sand  and  gravel  occurs  in  places  in 
nearly  all  the  valleys;  and  from  the  washing  of  them  by  the 
streams,  good  river  sonde  are  produced. 

For  long  distances  along  the  seaboard  are  greater  or  less 
accumulations  of  ^olian  Sand.    At  Arklow,  the  fine  sand  drifted 


Digitized  by  VjOOQIC  


618  Scientific  Proceedings^  Boyal  Dublin  Society. 

through  the  rampart  at  the  Chemical  Works  is  sent  to  Dublin  to 
be  used  in  the  sawing  of  blocks  of  stone  and  for  polishing.  This, 
as  mentioned  in  the  ^^Introduction"  (page  529) ,  suggests  a  new 
indnstiy. 

Glass. — ^At  Melitia,  westward  of  Shillelagh,  and  about  two 
miles  from  the  ancient  church  of  Aughowle,  there  is  the  site  of  an 
ancient  glass-house,  to  which  attention  has  recently  been  directed 
by  the  Rev.  J.  F.  IL  Ffrench  {Jour.  Roy,  Hist.  Arch.  Ass.j  Ire.^ 
ToL  Yii.y  4th  ser.y  p.  420).  In  the  neighbourhood  there  is  a  sand 
which  the  glass- workers  of  Dublin  state,  ^'if  ground  down,  it 
ought  to  be  a  suitable  sand."  Glass  seems  also  to  have  been 
manufactured  at  the  Chanmey  Iron  Furnace,  Shillelagh,  as  some 
years  ago,  when  removing  part  of  the  old  ruins,  a  quantity  of  glass 
slag  was  found. 

In  the  townland  of  Ballymanus,  westward  of  Aughrim  railway 
station,  there  is  a  dyke  of  fine  white  sand,  evidently  a  decomposed 
felsitic  rock.  This  has  been  submitted  to  the  glassmakers  at 
Bingsend,  Go.  Dublin,  who  state  it  is  too  clayey  for  dear  glass, 
but  ought  to  be  excellent  for  black  glass.  To  meet  the  Dublin 
market  it  would  have  to  be  delivered  at  about  '6s.  per  ton. 
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NOTES  ADDED  IN  THE  PEESS. 

CO.  DONEGAL. 

Ihinmore  Head;  and  Croagh — Innisliowea — one  and  a-half  miles 
south-west  of  Dunmore  Quay,  and  two  and  a-half  miles  south* 
west  of  Culduff.  Bluiflh-grey  quartzose  flags  can  be  raised  in 
squares  from  6  to  10  feet,  and  of  all  thicknesses,  some  thin 
enough  to  be  used  as  roofing-slates. — [A.  MHenry). 

Kindrum  —  Fanad- within -the -Waters  —  west  of  Kindrum 
Lough. — Veins  of  thin,  micaceous  silicious  flags  can  be  raised 
in  large  sizes,  capable  of  long  bearings;  mottled  whitish-yellow, 
or  pinkish  colour.  This  stone  appears  capable  of  being  sawn, 
and  ought  to  be  effective  if  used  in  fancy  tiling. 

Shanaghan — Ardara — ^near  Shanaghan  Lough,  and  other  places 
in  Loughros  Promontory. — Vein  of  mioaceous-silicious  flags,  from 
two  inches  or  more  to  the  thickness  of  roofing-slates,  for  which 
purpose  they  have  been  used ;  can  be  raised  of  considerable  sizes, 
capable  of  long  bearings. 

Slieveleague — Cairick.     Silicious  flags. 

CO.  DUBLIN. 

Ringsend  glass. — For  black,  Irishtown  sand ;  for  clear,  Antwerp 
sand;  about  9s.  per  ton;  or  "Qranuloid"  (Portsmouth).  The 
latter  is  a  finely-granular  quartz  rock ;  it  is  supplied  in  blocks, 
costing  about  £1  per  ton. 

The  following  are  the  ingredients  used  in  the  manufacture  of 
black  and  clear  glass,  respectively: — 

Black  Glass.  Clear  Glass. 

Irishtown  sand.  Antwerp  sand. 

Waste  lime  (after  manufacture  of  Whiting  (Glenarm). 

mineral  waters).  Soda  ash. 

Blue  clay.  Bed  lead. 

Broken  tiles. 
Kelp  waste  (substitute  for  soda 

ash). 
Rocksalt. 
Fluorspar. 
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To  make  twenty  groas  of  mineral  water,  or  fifteen  gioes  of 
brandy  botUes,  which  ib  the  quantity  nBoally  nm  from  a  fD^ 
naoe: — 

18  cwt.  Antwerp  sand. 

4^    ,»    chalk  (or  whiting). 

2     ,,    Bodaadi. 

2     M    enlphate  of  Boda. 

4  lbs.  red  lead. 

2     ,,    arsenic. 

'2     „    manganese. 

About  1  ton  of  waste  ghus,  soch  as  broken  window-glasB. 

The  *^  Grannloidy"  when  used,  is  thrown  in,  in  the  block,  wiuek 
rapidly  melts  down. 

A  rook  very  similar  in  ai^eot  to  the  '^Grannloid"  ocootb  ib 
the  Howth  Promontory,  also  in  places  in  the  oonnties  Wiokiow, 
Wexford,  and  elsewhere  in  Ireland.-r-(ii.  Clarke*) 
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LH.— ON  A  SEPABATING  APPARATUS  FOR  USE  WITH 
HEAVY  FLUIDS.  By  PBOFESSOB  SOLLAS.  LL.D. 
(Plate  Xin.,  Fig.  1.) 

[Bead,  Januaij  19, 1887.] 

Amongst  the  difficulties  presented  hj  the  method  of  separating  the 
mineral  constituents  .of  rooks  with  the  aid  of  heavy  fluids  are  two 
which  the  apparatus  to  be  described  fully  overcomes.  These  are : 
first,  that  of  removing  the  separated  mineral  from  the  apparatus ; 
and  next,  that  of  effecting  a  rapid  mixture  of  the  fluid  already  in 
the  tubes,  and  that  which  is  added  to  reduce  its  density.  The  first 
is  readily  met,  by  using  two  tubes,  which  are  united  by  a  joint,  with 
ground  surfaces  (fig.  1,  a) ;  the  second,  by  closing  the  tubes  with  a 
stopcock  at  each  end  («, «'),  so  that  after  each  addition  of  dilute  fluid 
the  apparatus  may  be  inverted.  In  using  this  apparatus,  the  heavy 
fluid  having  been  introduced,  the  powdered  mineral  is  added  and 
allowed  to  separate.  When  the  separation  is  complete,  the  stop- 
cocks are  all  closed,  and  the  two  tubes  separated  from  each  other. 
If  any  mineral  remains  above  the  stopcock  {s''^  it  may  be  washed 
into  the  upper  tube ;  the  lower  tube  is  then  supported  over  a  funnel 
oontaining  a  fllter  paper,  and  the  contents  allowed  to  run  out  by 
opening  both  stopcocks  {a^  O-  ^^  ^^7  pai^ol^  of  the  mineral 
remain  behind  adherent  to  the  sides  of  the  tube,  they  may  be 
washed  out  by  water.  The  tubes  are  then  fltted  together  again, 
the  stopcocks  opened,  and  diluted  fluid  or  water  added;  the  ter- 
minal stopcocks  at  each  end  are  then  closed,  and  the  tubes^tumed 
one  and  the  other  way  up  till  perfect  admixture  is  obtained ;  the 
whole  is  then  left  to  settie  till  another  separation  is  accomplished. 
To  furnish  the  experimenter  with  approximate  information  as  to 
the  specific  gravity  of  the  liquid  in  the  tubes,  and  to  enable  him  to 
obtain  approximately  a  desired  specific  gravity,  the  tubes  are  gra- 
duated so  that  the  specific  gravity  of  the  fluid  used  at  starting  being 
knovm,  and  its  volume  also  a  measured  volume  of  the  diluent  of 
known  specific  gravity  can  be  added. 

It  may  be  useful  if  I  here  add  a  short  account  of  the  course  of 
mechanical  separation  and  associated  operations,  as  carried  out  in 


Digitized  by  LjOOQ IC 


622  Scientific  Proceedings^  Boyat  Dublin  Society. 

the  Petrological  Laboratory  in  Trinity  College,  The  rook  under 
examination  is  pondered  till  it  all  passes  through  the  finest  sieve 
usually  to  be  found  in  a  chemical  laboratory;  sufficient  is  taken 
from  this  for  all  purposes  of  chemical  analysis ;  the  remainder  is 
placed  in  a  tall  beaker  and  washed  with  water.  In  this  manner 
the  fine  dust  or  flour  is  removed,  and  one  obtains  a  larger  quantity 
of  material,  in  relation  to  the  quantity  of  rock  pulverized,  than  if 
one  employed  only  the  powder,  which  will  not  pass  through  the 
finest  sieve,  with  the  additional  advantage  that  it  iB  of  finer  grain, 
and  thus  affords  purer  separations.  No  loss  of  time  is  involved  in 
the  use  of  finer  powder ;  indeed,  from  the  more  perfect  separation 
which  it  insures,  there  follows  a  slight  gain  in  this  direction.  The 
fine  powder  is  then  dried  in  the  water-oven  and  introduced  into  the 
separating-tube ;  the  powder,  first  separated,  is  well  washed  with 
distilled  water  and  dried,  and  its  specific  gravity  taken  by  the  aid 
of  the  modified  Sprengel's  tube,  described  in  the  succeeding  Paper 
The  powder,  after  removal  from  the  Sprengel,  is  washed  first  with 
ether,  and  then  with  absolute  alcohol,  dried,  and,  if  necessary, 
analysed ;  a  known  volume  of  water  is  then  added  to  the  mixture 
which  remains  in  the  separating-tube  till  another  mineral  com- 
mences to  fall,  and  the  course  of  procedure  just  described  is  re- 
peated. From  the  quantity  of  water  added  a  good  idea,  useful 
as  a  guide,  is  obtained  as  to  the  specific  gravity  of  the  fallen 
powder,  and,  in  some  cases,  this  will  be  sufficiently  near  the 
truth  to  render  a  more  exact  determination  needless. 

From  experience  I  can  recommend  this  course  of  prooedure  both 
for  speed  and  accuracy. 
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Lin.— ON  A  MODIFICATION  OF  SPRENGEL'S  APPARATUS 
FOR  DETERMINING  THE  SPECIFIC  GRAVITY  OF 
SOLIDS.  By  PROF.  SOLLAS,  LL.D.  (Plate  XIH., 
Figs.  2-7.) 

[Read,  February  16,  1887.] 

The  simple  and  elegant  specific  gravity  tube  of  Sprengel  is  not  so 
well  known  among  mineralogists  as  to  render  its  description  as 
a  preliminary  to  indicating  a  slight  modification  of  it  unnecessary. 
It  consists  (fig.  2)  of  a  small  TJ-tube,  drawn  out  at  each  end  into  a 
capillary.  The  capillary  tubes  are  bent  outwards,  at  right-angles 
to  the  limbs  of  theTT-tube,  and  one  of  them  grows  wider  (fig.  2,  e)^ 
and  the  other  narrower  (fig.  2,  a),  as  it  recedes  from  the  limb  of 
the  tube,  with  which  it  is  continuous.  A  mark  (m)  for  reference 
is  etched  at  any  point  chosen  on  that  capillary  which  expands 
outwards.  This  apparatus  affords  us  a  means  of  obtaining  a 
definite  volume  of  any  fluid  with  an  ease  and  accuracy  which  is 
not  approached  by  any  other  direct  method.  The  method  of 
working  is  as  follows: — The  distally  converging  capillary  (a)  is 
immersed  in  the  fluid  with  which  it  is  desired  to  fill  the  apparatus,, 
and  by  sucking  at  the  end  of  the  other  capillary,  the  fiuid  naturally 
flows  in.  When  it  is  filled  beyond  the  mark  on  the  expanding 
capillary,  excess  of  fluid  is  drawn  off  by  applying  a  piece  of  blotting- 
paper  to  the  end  of  the  converging  capillary,  the  meniscus  in  the 
expanding  capillary  then  slowly  travels  inwards,  and  when  it 
reaches  the  fixed  mark  the  volume  of  the  fiuid  is  defined. 

So  far  this  apparatus  has  only  been  used  in  the  case  of  fluid 
bodies;  and  even  were  it  not  possible  to  extend  its  application  to 
solids,  it  might  fairly  be  regarded  as  almost  indispensable  to  the 
mineralogist  for  detennining  the  densities  of  the  heavy  fluids  used 
in  the  separation  of  the  mineral  constituents  of  rocks ;  but  by  a 
very  simple  modification  it  can  be  adapted  to  determine  the 
densities  of  these  minerals  themselves  when  in  a  state  of  powder, 
as  they  necessarily  always  are  when  obtained  separate  by  the  use 
of  heavy  fluids.  This  modification  consists  in  directing  the  distally 
expanding  capillary  vertically  upwards,  and  enlarging  it  at  its 
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termination  into  a  funnel  of  a  little  larger  diameter,  at  tiie  farim^ 
than  that  of  the  limbs  of  the  T7-tabe  (fig.  3). 

The  apparatus  is  first  filled  with  water  up  to  the  fixed  mark, 
and  weighed ;  this  weighing,  after  deduction  of  that  of  the  tube 
itself,  gives  the  weight  of  the  Tolume  of  water  required  to  fill  the 
tube  as  defined  bj  the  mark.  If  it  were  possible  to  introduce  now 
a  weighed  quantity  of  the  powdered  mineral,  the  density  of  which 
it  is  desired  to  ascertain,  we  should  then  simply  have  to  draw  off 
the  excess  of  water  till  the  fixed  mark  were  reached,  and  the  next 
weighing  would  give  the  weight  of  the  water  displaced  by  the 
mineral,  and  from  this  the  specific  gravity  could  be  obtained  at 
once. 

This,  indeed,  is  the   principle   employed ;    but   the  details 
are  slightly  modified.    The  surface-tension  of  water  is  so  great 
that  the  powdered  mineral,  although  well  cleaned  by  the  action 
upon   it    of   the   mercury   tod   potassium   iodide   used    in   its 
separation,    will    not    all    sink   through,    but    a    small  portion 
always  fioats  as  scum  on  the  surface ;  it  is  therefore  necessary  to 
substitute  some  other  fiuid  for  water,  and  that  which  I  have  found 
succeed  as  well  as  any  is  the  common  paraffin  used  for  burning  in 
lamps.     The  specific  gravity  of  this  having  been  ascertained  by 
means  of  the  tube,  the  latter  is  filled  with  paraffin  up  to  the  brim  of 
the  funnel,  and  the  powdered  mineral  introduced  from  a  small 
weighing  bottie.    It  rapidly  falls  through  the  paraffin,  not  a  grain 
remaining  on  the  surface.    There  is  no  difficulty  in  completely 
filling  the  limb  of  the  tube  from  which  the  funnel  proceeds,  and 
thus  results  of  accuracy  can  be  obtained  ata  minimnin  expenditure 
of  time  and  trouble.    It  may  be  useful  to  add  a  few  sugg^ons 
on  the  filling  and  emptying  of  the  apparatus.    In  filling,  the  tube 
should  first  be  inverted  (fig.  4),  and  care  should  be  taken  that  the 
end  of  the  immersed  capillary  does  not  accidentally  emeige  from 
the  fiuid.    By  sucking  at  the  funnel  end  the  liquid  readily  enters. 
When  one  limb  has  been  completely  filled  np  to  the  narrow  con- 
striction by  which  it  is  joined  to  the  other  the  apparatus  should  be 
restored  to  the  upright  position  (fig.  5),  care  being  still  exercised 
that  the  immersed  capillary  does  not  leave  the  fluid*     The  empfy 
limb  now  fills  by  outflow  from  the  full  one,  which  is  supplied 
by  the  siphoning  action  that  takes  place,  now  that  it  is  in  an 
upright  position.     By  this  method  of  filling  air  babbles  are 
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ayoidedy  and  the  ohanoe  of  the  liqtdd  (whioh  may  be  oorrosiye  or 
otherwise  objectioxiable)  entering  the  mouth  is  precluded.  In 
emptying,  when  powdered  mineral  is  present,  the  apparatus  should 
be  inverted  in  a  small  beakiar  of  paraflin,  and  slightly  inolined,  so 
that  none  of  the  powder  may  find  its  way  into  the  seoond  limb. 
When  all  the  powder  is  removed  (and  it  falls  out  very  rapidly),  the 
paraffin  is  drained  out,  and  the  tube  washed,  first  with  ether,  and 
finally  with  absolute  alcohol. 

Ilie  apparatus  has  the  advantage  of  being  very  easily  con- 
strocted.  A  piece  of  soft  glass  tube  of  convenient  length,  and  any 
diameter,  not  too  small  nor  too  large  (the  operator  can  use  his  own 
judgment,  within  somewhat  wide  limits),  is  softened  at  one  end, 
and  enlarged  into  a  funnel-shape  (fig.  6),  with  a  piece  of  hard, 
oonically-pointed  charcoal.  A  glass  thread  is  then  fused  on  to  the 
edge  of  this,  to  enable  the  operator  to  draw  out  the  narrow  neck. 
This  done,  the  other  end  is  then  drawn  out  into  a  capillary  (fig.  7). 
The  middle  of  the  tube  is  next  softened  in  a  somewhat  small  blow- 
pipe fiame,  drawn  out,  and  at  once  bent,  till  the  two  halves  of  the 
tube  are  brought  into  parallelism.  The  terminal  capillary  is  then 
bent  into  a  position  at  right  angles  to  the  tube  from  whioh  it  pro- 
ceeds, by  holding  a  lighted  lucifer-match  under  it,  and  allowing  it 
to  bend  under  its  own  weight.  The  two  limbs  of  the  tube  should 
be  sufficiently  far  apart  to  allow  of  their  being  cleaned  on  all 
sides. 
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LIV.— ANALYSIS  OF  THE  BERYLS  OF  GLENCULLEN,  CO. 
WICKLOW.  Bx  yr.  N.  hartley,  F.R.S.,  Royal  College 
of  Science,  Dublin. 

[Read,  Maich  23,  1887]. 

The  beryls  of  GleneuUen,  Co.  Dublin,  described  by  Professor 
J.  P.  O'Reilly,^  and  by  Mr.  J.  Joly,  B.E.,*  were  analysed  about 
twelve  months  since  by  Mr.  J.  B.  Wise,  a  student  in  the  Boyal 
College  of  Science. 

Analysis. — One  grain  of  the  mineral  was  fused  with  six  parts 
of  mixed  potassium  and  sodium  carbonates.  After  treatment  with 
adds,  it  was  foimd  that  a  small  portion  of  the  substance  remained 
unattacked.  This  was  again  fused,  and  it  then  showed  a  Teiy 
decided  green  colour  chaxacteristio  of  manganese,  possibly  deiired 
from  the  iolite  contained  in  the  mineral.  The  following  are  the 
data : — 

Analysis  I.  Analysis  IT. 

Ordinary  Ciystals.        "Weathered"  Crystals. 
Per  Cent,  Per  Cent. 

SiO, 47-47  54-27 

AlA 32-49  27-23 

BeO 11-29  10-50 

CaO 2-60  1-40 

FeO 313  2-88 

MgO 0-41  0-47 

KajO 0-46  0-47 

KaO 0-62  0-41 

MnO  trace. 

HjO 0-48                    Kot  estimated. 

98-95  97-63 

Bases  =  51-01  Bases  =  43-36 

Silica  =  47-47  SiHca  =  5427 


The  specific  gravity  of  the  specimens  represented  by  Analysis  I. 
is  2-706  at  16-2°  0. 


^  Froceedingij  £.D.S,,  vol.  iv.,  p.  605. 
'  Froeeedings^  Jt.J),S.,  antea,  p.  48. 
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It  will  be  observed  that  the  weathered  beryl  contains  what  one 
might  expect — a  diminished  proportion  of  bases  and  a  correspond- 
ingly increased  proportion  of  silica.  According  to  the  very  careful 
research  of  0.  A.  Joy  "  On  Glucinum  and  its  Compounds,"  fusion 
of  beryls  with  two  parts  of  potassium  carbonate  can  be  successfully 
carried  out.* 

Fresenius  states,  "Native  silicates  of  beryllia  are  completely 
decomposed  by  fusing  with  four  parts  of  carbonate  of  soda  and 
potassa."' 

The  proportion  of  alkaline  carbonates  necessary  for  the  fusion 
of  Qlencullen  beryls  was  found  to  be  not  less  than  six  parts. 

On  referring  to  the  composition  of  the  beryls  of  Acworth,  New 
Hampshire,  which  were  the  subject  of  Joy's  research,  it  is  to  be 
noted  that  they  contain  more  silica  by  one-third,  and  only  one- 
half  the  quantity  of  alumina  contained  in  the  Qlencullen  beryls, 

thus: — 

Composition  of  New  Hampshire  Beryls. 

SiOa  68-84,    AI2O3 16-47,    BeO  13-40    FcaO,  17. 

Those  who  are  acquainted  with  the  difference  in  behaviour  of 
silioious  minerals,  when  treated  with  alkaline  carbonates,  will 
acquiesce  in  the  opinion  that  it  is  this  high  percentage  of  alumina 
which  renders  the  beryls  of  GlenouUen  so  difficult  of  fusion. 

Taking  into  account  the  small  proportion  of  bases  present 
which  are  capable  of  replacing  BeO,  such  as  2*6  per  cent.  OaO, 
3'13  per  cent.  FeO,  and  calculating  the  molecular  proportions 
of  the  other  constituents,  I  have  assigned  to  the  mineral  the 
following  formula: — 

2  (Al,O8-3SiO0-2  (BeaSiO^-BeO-AlA ; 

or,  differently  expressed : — 

2  (Al,Si309)-2  (BcSiOO-BeAlA. 

From  the  point  of  view  of  their  chemical  composition  these  crys- 
tals are  not  beryls,  but  apparently  a  new  mineral  with  a  constitu- 
tion lying  between  beryl  and  chrysoberyl,  that  is  to  say  between 
a  silicate  of  alumina  and  beryllia  and  an  aluminate  of  beryllia. 

^  American  Journal  of  Science,  vol.  xxxvi.,  p.  83. 

>  QuaHtative  Analysis,    Ninth  English  Edition,  1876,  p.  103. 
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Its  mode  of  crystallizatioa  is  unusual^  being  almost  invariably 
radiated,  though  the  oiystals  are  hexagonal  prisms. 

In  Mr.  Joly's  Paper  it  is  shown  that  through  some  of  the  beryl 
crystals  there  were  veins  of  felspar,  and  that  near  the  base  of  a 
hexagonal  prism  there  was  an  admixture  of  orthoclase  and  beryl. 
We  may  arrive  at  an  approximation  of  the  quantity  of  orthoolase 
admixed  with  the  beryls  whioh  were  the  subject  of  the  foregoing 
analyses,  by  taking  into  account  the  alkalies  present,  and  assuming 
that  they  were  not  a  part  of  the  beryl,  but  constituents  of  the 
orthoclase ;  and,  further,  by  taking  into  account  the  alumina  pre- 
sent in  beryls  and  in  orthoclase. 

Out  of  seventy-eight  analyses  of  different  specimens  of  ortho- 
clase, the  following  numbers  were  taken  as  representing  its  average 
composition : — 

SiOs  65  per  cent.    AlzOj  19  per  cent.    Alkalies,  14  per  cent. 

The  alkalies  in  beryl  are  1*08  per  cent.,  corresponding  to  a 
maximum  of  orthoclase  of  7*7  per  cent.  While  the  alumina  in  the 
Olencullen  beryls  is  32*5  per  cent.,  that  in  twenty  other  specimens 
is  18  per  cent.,  or  the  same  proportion  as  that  in  orthoclase.  The 
difference  in  the  proportion  of  silica  in  orthoclase  and  beryls  is  not 
great ;  in  the  latter  mineral  it  amounts  to  67  per  oent.,  or  2  per 
cent,  more  than  in  orthoclase. 

After  the  elimination  of  such  quantities  of  bases  and  silica  as 
may  constitute  an  admixture  of  other  minerals,  we  have  to  account 
for  the  presence  of  only  47*47  per  cent,  of  silica,  and  the  large  pro- 
portion of  32*49  per  cent,  of  alumina,  that  is  to  say,  a  deficiency  of 
21  per  cent,  of  the  former,  and  an  excess  of  16  per  cent,  of  the 
latter;  and  the  onl^  way  in  which  this  can  be  done  is  by  assign- 
ing to  the  beryls  of  Glencullen  a  formula  which  represents  their 
constitution  in  the  manner  already  described. 
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LV.— DEAL  TIMBER  IN  THE  LAKE  BASINS  AND  PEAT  BOGS 
OP  NOBTH-EAST  DONEGAL.  By  G.  H.  KINAHAN, 
M.R.LA. 

[Read,  April  20,  1887.] 

Attention  to  the  '^  corkers,"  or  roots  of  trees,  apparently  in  their 
natural  positions  in  some  of  the  lake  basins,  Co.  Sligo,  was  directed 
bj  Mr.  A.  B.  Wynne,  at  the  last  meeting  of  the  Society,  and  he 
suggested  that  it  was  possible  that  once  they  may  have  been  on  a 
higher  leyel  on  a  substratum  of  peat,  the  latter  being  gradually 
removed  by  the  wash  or  suction  of  the  lake  water,  so  that  eyen- 
tually  they  sank  to  their  present  position  {antea,  p.  499). 

Li  the  north-east  of  the  barony  of  Kilmaorennan,  Co.  Donegal, 
^^ corkers"  in  the  basins  of  the  loughs  and  loughaims  are  very 
general ;  and  for  the  last  two  years  I  have  made  them  a  special 
study,  as  it  appears  difficult  to  conceive  how  trees  such  as  oaks  and 
firs,  especially  the  latter,  which  most  abound,  could  have  grown  in 
places  from  which  there  is  now  no  natural  drainage. 

In  this  portion  of  Donegal  these  loughs  and  loughauns  are  in 
more  or  less  regular  bowl,  or  saucer-like,  depressions;  while  in 
some  places  there  are  shallow,  oval,  dish-shaped  depressions,  occu- 
pied by  bog,  in  all  of  which  deal  or  oak  corkers  are  found  in  situ, 
that  is,  where  they  originally  grew,  below  the  present  level  of  the 
natural  drainage.  Since  the  paper  mentioned  was  read  I  have  had 
opportunities  of  carefully  noting  the  facts  in  connexion  with  some 
of  the  bogs  and  lakes  which  are  now  recorded. 

No.  I.  Bog  in  the  Depression  about  Lough  Aweel^  between 
Bamelton  and  Milford. — This  lies  in  a  large,  irregular,  oval, 
dish-shaped  depression.  To  drain  the  bog,  and  make  it  available 
for  turf-cutting,  canals  have  been  opened  to  the  southward  and 
westward,  through  the  rim  of  drift  margining  the  hollow ;  and  at 
the  greatest  depth  the  bog  has  at  present  been  cut,  in  the  sub- 
stratum, corkers  of  oak  occur ;  while  a  little  above  these,  in  the 
peat,  and  extending  horizontally  to  and  on  to  the  marginal  drift 
rim,  are  corkers  of  deal.  None  of  them  seem  to  have  been  dis- 
placed, after  they  originally  grew,  until  the  bogs  were  cut. 

No.  II.  Olencam  Bog^  or  Mill-pond. — This  is  situated  a  little 
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north-east  of  Bamelton,  by  the  new  road  to  Glenalla.  At  one 
time  it  was. a  boggy  lake,  and  a  bank  seems  to  have  been  built 
across  its  embouchure j  to  utilize  it  as  a  mill-pond.  Subseqaently  the 
peat  in  it  was  cut,  and  its  level  lowered  by  a  canal.  Now,  the  oat 
from  the  site  of  the  old  lake  has  been  made  so  deep,  that  the  tracts 
at  will,  can  be  entirely  drained,  so  that  it  is  a  mill-pond  in  winter 
and  a  peat  bog  in  summer,  according  as  the  sluice  is  down  or  up. 
When  the  waters  are  out  it  can  be  seen  that  some  of  the  deal 
corkers  in  the  area  are  in  the  position  in  whidi  they  originally 
grew,  while  others  were  evidently  originally  at  a  higher  level  in 
the  peat,  and  were  dropped  down  by  the  peat  being  cut  away  from 
imder  them.  There  are  others  also  in  a  sedimentary  peat;  and 
although  they  look  as  if  in  their  original  natural  positions,  which 
some  of  the  turf-cutters  say  they  are,  yet  it  seems  to  me  quite 
possible  that  they  may  be  "dropped  corkers,"  around  which 
recent  sedimentary  peat,  the  washing  from  the  turf -banks  and 
holes,  may  have  accumulated. 

Nos.  in.  and  IV.  Cam  and  Thorn  iaie*.— These  lie  north 
of  Glencam  Bog,  in  the  vicinity  of  the  road.  In  both,  eBpeoially 
the  latter,  there  are  numerous  deal  corkers,  most,  if  not  all,  of 
which  are  in  their  original  positions.  In  connexion  with  these 
lake  basins,  it  is  possible  that  the  drainage  from  them  was  stopped 
by  the  accimiulation  of  peaty  matter. 

No.  V.  Pallet  Lough,  between  Doagh  Bog  and  Fanad  Light- 
house, in  the  north-east  portion  of  Fanad. — This  loughaun  is 
situated  in  a  shallow,  bowl-shaped  depression.  Numerous  deal 
corkers,  the  majority  evidently  in  situ.  No  apparent  old  site  of  a 
drainage  vent. 

No.  VI.  Kindrum  Lake,  In  Fanad-within-the- Waters.— Lot 
the  south-west  arm  of  the  lake  is  a  cut-away  bog,  with  deal 
corkers  in  situ.  The  stream  from  the  lake  is  now  a  mill-race,  the 
water  of  the  lake  being  lowered  in  summer  to  allow  the  peat  to  be 
cut.  The  mill-race  is  cut  in  a  stony  drift,  that  never  could  have 
been  brought  into  its  present  position  by  the  lake  waters. 

No.  Vn.  Tau:ney  Lough,  near  the  village— Numerous  corkers 
in  a  saucer-shaped  depression.  They  are  evidently  in  their 
natural  positions ;  while  there  are  others  that  show  the  marks  of 
the  turf-cutters.  The  present  drainage  of  the  lake  is  a  deep  cut 
through  the  drift  rim. 
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The  selected  lakes  and  bogs  enumerated  are  sufficient  to  illus- 
trate the  general  position  of  the  corkers,  and  the  situation  in 
which  they  occur.  From  these  examples  it  is  evident  that  the 
majority  are  still  in  their  natural  positions.  The  general  history 
of  these  different  basins  seems  to  be :  as  the  turf  was  required,  the 
canal  from  each  lake  basin  was  deeper;  but  when  all  the  turf 
was  cut  the  canals  were  neglected,  and  the  sides  caved  in.  This 
stopped  the  drainage,  forming  lakes  on  the  sites  of  the  old  cut- 
away bogs.  This  in  a  measure  may  suggest  how  the  drainage  in 
old  times  was  stopped ;  but  at  the  same  time  it  is  not  satisfactory, 
as  it  may  be  asked :  by  whom,  or  how,  were  cuts  made  through  the 
margins  of  the  hollows  P 

In  connection  vdth  this  subject  the  bogs  margining  the  river 
Shannon  may  be  referred  to.  Those  above  the  rock  barrier  at 
Castleconnell  (Falls  of  Donass)  are  in  places  lower  than  the  sill  of 
the  Falls ;  but  as  I  have  in  previous  writings  suggested,  the  drain- 
age from  the  present  basin  of  these  bogs  may  have  been  south-west 
into  the  plain  of  Limerick,  and  thus  independent  of  the  Donass 
Falls.  But  in  connection  vrith  the  basin  of  Lough  Derg,  there  are 
oak  and  deal  corkers  in  situ  in  the  bogs  adjoining,  fax  below  the 
present  level  of  the  lake.  This  level  I  have  also  accounted  for  in 
a  Paper  ^^  On  the  Basin  of  Lough  Derg,"  as  the  drainage  might 
have  been  southward  into  the  FoUagh  and  Kilmastulla  valley. 

But  when  we  go  above  Portimma  there  are  hard  questions, 
as  the  bogs  along  that  section  of  the  river  and  the  Little  Brosna 
are  of  great  depth ;  and  wherever  they  have  been  bottomed,  oak 
corkers  in  situ  have  been  found.  How  the  land  on  which  these 
grew  could  have  had  a  surface  drainage,  eastward  of  the  sill  of  lime- 
stone near  Portland,  it  is  hard  to  conjecture. 

From  the  examples  given  it  is  quite  evident  that  the  majority 
of  the  corkers  are  now  in  their  original  position,  and  that  the 
question  of  most  importance  is:  How  were  these  depressions 
drained  to  allow  trees  of  deal  and  oak  to  grow  there  in  former 
times? 

Years  ago  I  suggested  that  in  places  the  flooding  of  hollows 
might  be  due  to  ^'  beaver  dams,"  but  at  the  same  time  I  pointed 
out  that  in  the  Lish  glossaries  there  was  no  name  for  a  beaver,  the 
word  in  O'Eeilly's  Dictionary  being  taken  from  the  Gallic.  Since 
then,  from  a  personal  knowledge  of  beaver  workings,  I  cannot  say 
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that  I  see  anything  specially  like  them  in  Donegal,  altiiongli  some 
of  the  flats  elsewhere  may  possibly  have  once  been  ^^beaTer 
meadows."  Under  any  oiroamstanoes,  none  of  the  oases  in  the 
county  Donegal  above  enumerated  could  be  due  to  suoh  a  cause. 

From  the  places  in  which  timber  grew,  and  other  oiroomstanoes, 
it  is  evident  that  before  the  advent  of  the  bogs,  Donegal  must  at 
one  time  have  had  a  climate  very  similar  to  that  now  existing  in 
the  neighbourhood  of  the  Gulf  of  St.  Lawrence,  Canada;  and  in 
connection  with  such  a  climate  there  must  have  been  snow  and  ioe» 
and  during  the  thaws  great  slides  of  drift,  which  may  have  dammed 
up  the  lakes,  as  is  the  case  in  the  present  day  in  the  province  of 
Quebec  and  elsewhere  in  the  Dominions.  Some  such  solution 
might  be  suggested  for  the  roots  (corkers)  of  deal  and  oak  being 
now  found  in  situ  in  places  from  which,  since  the  bogs  began  to 
grow  till  the  present  time,  there  has  been  no  natural  outlet  for 
the  drainage. 

In  connection  with  this  subject  the  peculiarities  of  the  timber 
found  in  Clonoam  bog,  north  of  Treantagh,  may  be  recorded.  In 
Donegal,  as  seems  to  be  usual  elsewhere  in  the  province  of  Ulster, 
the  bogs  are  not  at  once  cut  to  their  full  depth,  but  are  **  gone- 
over"  in  breasts  of  banks  about  three  or  four  feet  deep ;  so  that  in 
accordance  with  the  depth  of  the  peat  accumulation  the  bog  may 
be  "  gone-over"  two,  three,  or  more  times  before  the  final  cutting 
that  bottoms  the  bog.  The  upper  cuttings  or  "  gone-overs"  of  the 
Oloncam  bog  are  things  of  the  past ;  but  now  they  are  bottoming 
out  the  bog,  and  the  last  cutting  has  given  an  appearanoe  to  it, 
similar  to  a  bush-dearing  in  Canada — each  tree  stem  standing 
three  or  four  feet  high.  In  Canada  and  the  States,  when  dealing 
the  bush,  they  cut  off  the  tree  between  three  and  four  feet  from  the 
ground,  as  a  man  can  cut  more  trees  in  a  day  if  he  stands  upright 
than  if  he  stoops ;  while  subsequently,  after  the  land  is  tilled,  it  is 
easier  to  remove  the  roots,  if  they  have  a  stem  to  act  as  a  lever, 
than  if  they  are  cut  dose  to  the  root.  It  can  scarcely  be  supposed 
that  the  trees  in  the  Clonoam  bog  were  similarly  treated  to  those 
in  a  Canadian  bush-dearing,  as  it  seems  evident  that  their  present 
height  is  due  to  the  floor  of  the  last  cutting-over  of  the  bog,  all 
stidb  oyer  that  fljoor  having  been  cut  off.  But  even  allowing  this, 
they  are  peculiar  as  in  general  timber,  that  is,  '^bog  stick,"  are 
found  broken  off  and  lying  horizontal— the  breaking  off  usually 
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being  oloBe  to  the  oorker,  and  rarely  a  few  feet  above  it.  This  is 
the  case,  as  far  as  my  ezperienoe  goes,  not  only  elsewhere  in 
Ireland,  but  also  elsewhere  in  the  county  of  Donegal,  the  trees 
haviDg  fallen  before  the  bog  grew,  while  here  the  bog  must  have 
grown  around  the  standing  trees.  Furthermore,  these  trees  must 
have  been  higher  than  as  now  represented,  as  it  is  possible  they  may 
have  protruded,  not  only  into  the  "going-over"  before  the  last, 
but  into  higher  strata;  their  original  perpendicular  height,  how- 
ever, cannot  now  be  recorded,  as  all  the  cuttings  of  the  bog  but  the 
last  "going-over"  was  in  the  time  of  the  ancestors  of  the  present 
generation. 

Besides  this  uncommon  phenomenon,  that  is,  peat  banking  up 
standing  timber j  there  is  another  peculiarity  to  which  I  may  refer — 
the  spiral  growth  of  many  of  the  trees.  This,  however,  is  not 
confined  to  the  timber  in  this  bog,  as  I  have  remarked  it  in  the  county 
Donegal  and  elsewhere  in  Ireland.  This  I  first  remarked  in  the 
Cypress  in  Ontario,  and  it  seems  to  be  due  to  the  hot  suns  in  the 
Spring  causing  the  bark  on  the  south  side  of  the  stems  to  grow 
much  quicker  than  on  the  cold  north  side ;  the  trees  that  germi- 
nate early  being  thus  affected,  while  the  later  ones  are  not.  In 
these  ancient  Irish  forests  the  same  thing  seems  to  have  taken  place, 
as  in  places  many  of  the  trees  grew  spiral,  while  adjoining  ones 
grew  straight.  I  do  not  know  enough  to  be  able  to  state  if  the 
timber  which  grows  spiral  is  of  a  different  species  to  that  which 
has  grown  straight,  but  I  would  point  out  that  in  the  bog  of  Eil- 
pheak,  north-west  of  Fox  Hall,  a  large  stick  20  yards  long,  3  feet 
in  diameter  at  the  butt,  and  over  a  foot  in  diameter  at  top,  and 
having  its  bark  in  ridges,  just  like  a  cog-wheel,  was  raised  a  few 
years  ago,  it  having  a  quite  different  appearance  to  the  sticks  gene- 
rally found.  The  timber  had  an  appearance  somewhat  similar  to 
the  "yellow  pine"  now  imported. 

In  the  countiy  north-west  of  Lake  Superior,  between  Port 
Arthur  and  the  Lake  of  the  Woods,  during  the  making  of  the 
Canadian  North  Faoifio  Bailway,  sections  in  peat  now  overgrown 
with  timber  were  laid  open.  In  them,  as  in  the  Irish  bogs,  timber 
had  grown  prior  to  the  accumulation  of  the  peat ;  but  time  did  not 
allow  of  making  special  examinations.  The  fact,  therefore,  is  only 
mentioned  to  show  that  there,  as  well  as  in  Ireland,  climatio 
or  some  other  natural  change  will  account  for  the  records  of  the 
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different  forest  periods  that  occur,  separated  by  a  growth  of  peat. 
The  time  between  the  destruction  of  a  forest  and  its  re-growth  may, 
in  a  measure,  be  learned  in  the  province  of  Quebec.  During  the 
French  and  early  English  occupations  all  the  low  country  between 
Quebec  and  Montreal  was  by  the  lumberers  cleared  of  timber;  now 
again  it  is  a  wood ;  not  good  marketable  timber  in  the  Canadian 
opinion,  but  as  gross  as  the  majority  of  firs  to  be  found  in  the 
"  Home  country."  These  secondary  woods  are  interesting,  not  only 
as  to  the  re-growth  of  timber  but  also  as  to  preserves  for  animal 
life;  because  as  the  country  was  cleared  of  its  timber  the  wild 
animals  retreated  before  the  lumberers.  Now,  however,  they  have 
tried  back,  and  in  some  of  this  re-grown  bush,  which  is  still  con- 
sidered the  "  old  country,"  there  is  a  better  head  of  game  than  can 
be  found  even  far  up  in  the  as  yet  undisturbed  forests.  Perhaps, 
however,  the  expression  ^^  tried  back"  is  incorrect,  as  the  animals 
more  probably  emigrated  from  their  haunts  in  the  as  yet  undis- 
turbed north-east  portion  of  the  province. 

In  connection  with  our  subject,  the  following  information  about 
the  Fermanagh  peat  and  timber,  received  since  the  paper  was  read 
from  Mr.  Thomas  Plunkett,  M.E.I. A.,  is  of  interest : — 

To  the  west  of  Upper  or  South  Lough  Erne,  on  the  hills,  there 
is  boulder  drift,  it  at  the  bottom  of  the  slopes  being  replaced  or 
overlaid  by  brickclay.  From  these  slopes  the  flats  extend  eastward 
in  the  river  valleys  to  and  beyond  the  lake ;  and  from  the  canals 
opened  in  these  flats  it  has  been  learned  that  in  them  there  are  five 
to  six  feet  of  alluvium  (silt),  above  one  to  two  feet  of  peat  with 
timber,  they  resting  on  the  glacial  drift.  The  peat  is  flaky,  and 
full  of  flagger-like  plants  (Monagay  turf  of  Munster),  and  the 
timber  is  principally  oak,  some  of  the  ^^  sticks  "  being  over  forty  feet 
long  and  five  feet  in  diameter.  This  timber  must  have  grown  on 
a  surface  below  the  drainage  outlets  of  the  river  flats  west  of  Upper 
Lough  Erne.  In  the  low  country  east  of  the  two  lakes  there  are 
different  saucer  or  dish-shaped  lake  basins,  in  which  roots  of  trees  m 
situ  occur  below  their  simimer  level :  such  as  at  Drumgay  and  the 
Mill  lakes  north  of  Enniskillen,  and  in  two  lakes  in  Castleooole 
.  demesne. 

To  the  eastward  of  Upper  Lough  Erne,  on  the  sloping,  terrace 

round  the  top  of  Topped  Mountain,  there  is  a  pagan  cemetery, 

'  now  covered  by  five  or  six  feet  of  peat.     On  the  flanks  of  the  hill 
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there  is  sloping  bog,  and  in  the  cooms,  deep  flat  bog,  and  under 
the  peat  in  the  latter  (from  10  to  25  feet  deep)  large  roots  in  situ 
and  sticks  of  deal  and  oak ;  one  that  was  stepped  being  over  60  feet 
long  and  at  the  broken-off  top  over  six  inches  in  diameter.  The 
floors  of  these  flat  bogs  are  saucer  or  dish-shaped  basins,  below  the 
present  drainage  outlets.  In  the  hills  westward  of  Lough  Erne 
there  are  also  similar  lakes  to  those  in  the  low  country,  their  basins 
being  saucer-shaped,  and  having  timber  roots  in  situ  below  summer 
water-level. 

Mr.  Plunkett  points  out  that  the  pagan  cemetery  now  covered 
with  peat,  the  trees  on  the  hills  of  greater  size  than  those  which 
now  grow  on  the  low  country,  and  the  peat  under  the  Upper 
Lough  Erne  flats,  prove  that  the  climate  was,  during  the  timber  age, 
much  drier  and  warmer  than  at  present.  This  was  succeeded  by  a 
wetter  period,  during  which  the  woods  on  the  flats  became  reedy 
marshes,  while  in  the  cooms  in  the  hills  and  on  their  slopes  mosses 
and  such  like  grew ;  these  peaty  accimiulations  not  only  stopping 
the  growth  of  the  timber,  but  also  destroying  the  woods  and 
changing  them  into  bogs.  This  was  succeeded  by  still  more  rainy 
times,  during  which  the  flats  of  the  tributary  rivers  of  Upper 
Lough  Erne  were  flooded  by  sheets  of  turbid  water,  the  sill  from 
which  floods  buried  the  ^^  monagay  turf,"  with  its  timbers,  under 
the  present  overstratum  of  silt. 

To  account  for  the  trees  growing  in  the  flats  and  hollows  with- 
out drainage  outlets,  he  suggests  that  during  the  period  when  there 
was  little  rain  and  great  heat,  all  the  rain  that  fell  in  the  hollows 
was  required  by  the  trees,  but  if  perchance  there  was  a  surplus,  it 
was  evaporated — this  is  known  to  take  place  in  America  at  the 
present  day,  as  in  the  ^^  cedar  swamps"  and  other  "  swamps"  diffe- 
rent kinds  of  trees  grow  luxuriantly  in  places  without  drainage 
outlets— also,  when  the  rain  became  greater  and  the  heat  less,  the 
moisture  became  excessive,  generating  the  marshes  in  the  flat  and 
the  peat  in  the  hill,  thus  destroying  the  forests  and  burying  the 
pagan  cemetery. 
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LVI.— GRAVEL  TERRACES;  VALLEYS  OP  THE  MOURNE, 
STRULE,  AND  FOYLE,  COUNTIES  TYRONE  AND 
DONEGAL.    By  G.  H.  KINAHAN,  M.R.I.A. 

[Kead,  June  1,  1887.] 

[The  riTen  of  Tyrone  have  a  multiplicity  of  names,  as  tbe  nudn  riven  and  their 
tributaries,  as  often  as  they  fork,  are  each  given  a  new  name :  thus  at  Stiahane  the 
branches  of  the  Foyle  are  called  the  Finn  and  the  Moume,  while  the  latter,  at  erery 
divide,  has  different  names  :  the  valley  to  which  we  would  draw  special  attention  is 
that  now  ntilized  by  the  railway  from  Omagh,  by  Strabane,  to  Derry,  oocnpied  prin- 
cipally by  the  Moume.] 

A  TRAVELLER  along  the  valley  from  Omagh  to  Strabane,  and 
thence  along  the  Foyle  to  Londonderry,  may  observe  the  series  of 
terraces,  in  the  margining  hill  slopes,  they  disappearing  in  the 
vicinity  of  Derry ;  while  if  he  goes  north-westward  into  the  valley 
of  the  Swilly  he  will  not  find  any.  This  remarkable  difference  in 
the  adjuncts  of  the  Foyle  and  Swilly  valleys  has  led  to  research 
and  reflection. 

In  connection  with  Lough  Swilly  we  find  it  among  the  loughs 
mentioned  in  the  Annals  as  having  "broken  forth"  during  his- 
torical times.  As  so  many  loughs,  both  sea  loughs  and  inland 
loughs,  are  mentioned  as  having  "broken  forth''  at  different  times, 
there  must  be  some  reason  for  the  records ;  the  following  sugges- 
tions, therefore,  may  not  be  out  of  place.  As  pointed  out  in  the 
previous  Paper  {anUf  p.  632),  the  climate  of  Ulster,  before  the  later 
bogs  began  to  grow,  must  have  been  somewhat  similar  to  that  of 
the  country  adjoining  the  St.  Lawrence^  at  the  present  time.  In 
this  part  of  Canada  there  is  great  heat  in  summer  and  great  oold 
in  winter,  with  a  small  rainfall.  Such  climatic  conditions  in 
Ireland  may  have  caused  some  of  the  present  sea  loughs  to  have 
become  filled  with  ice ;  while  some  of  the  present  lake  basins  (as  sug- 
gested by  Mr.  Plunkett  of  Enniskillen,  ante,  p.  634),  may  have 
been  hollows  occupied  by  forests.  A  gradual  amelioration  of  the 
dimate  ought,  however,  to  affect  the  necessary  changes ;  because 

'  The  stone  walls  of  huts  similar  to  those  now  inhabited  by  the  Lapps  and  other 
inhabitants  of  North  Europe,  as  figured  by  Du  ChaiUu  and  by  Nordenskjold,  in  the 
Yoyage  of  the  Ve^a,  are  not  uncommon  in  places  in  the  Co.  Donegal. 


Digitized  by  LjOOQ IC 


KiNAHAN— 0»  Ghravel  Terraces.  637 

as  the  winteis  beoome  less  cold,  the  summer  less  warm,  and  the 
rain-fall  greater,  the  ioe  in  the  bays  would  gradually  disappear, 
while  as  the  evaporation  was  less,  the  hollows  would  beoome  lakes, 
thus  aooounting  for  the  ^'breaking  forth"  of  the  different  inland 
and  sea  loughs.'  This  digression,  although  it  may  have  a  certain 
interest,  does  not  seem  to  aooount  for  the  great  difference  in  the 
features  of  the  marginal  slopes  of  the  valleys  of  Loughs  Swilly  and 
Foyle ;  but  during  a  recent  traverse  of  western  Tyrone  and  Fer- 
managh it  occurred  to  me  that  the  phenomena  in  connection  with 
the  latter  may  possibly  be  explained  by  what  is  found  at  the 
present  time  in  the  river  valleys  of  the  ^'Foot  Hills"  of  the 
Canadian  Bockies. 

Let  us  suppose  that  when  the  climatic  conditions  of  Ulster  were 
more  or  less  similar  to  those  of  Canada  at  the  present  day,  the 
Silurian  hills  {Lower  Old  Red  Sandstone  type)  east  of  the  plain  of 
the  Loughs  Erne,  and  extending  eastward  nearly  to  Cookstown 
(which  for  convenience  sake  may  be  called  the  ^'  Fintona  moun- 
tains," after  the  town  nearly  in  their  centre),  was  a  snow-field 
feeding  small  glaciers  in  the  upper  portion  of  each  valley,  while  in 
each  valley  there  was  a  river  thick  with  silt  and  sand,  each  also 
being  margined  by  gravel  terraces.  This  may  be  seen  at  the 
present  day  in  the  upper  portions  of  Bow  and  Belly  rivers.  Alberta, 
and  in  other  river  valleys  east  and  west  of  the  Canadian  Bockies. 

Many  circumstances  in  connection  with  the  surroundings  of  the 
''  Fintona  mountains  "  seem  to  support  such  suggestions.  To  the 
westward  in  the  low  counti'y  of  the  Loughs  Erne  the  gravels  seem 
to  partake  more  of  the  character  of  glacial  than  marine  accumu- 
lations; at  the  ^^  divide,"  Fomeroy,  in  the  central  east  and  west 
valley,  there  is  an  excessive  accumulation  of  sand  and  gravel,  as  at 
the  "divides"  of  the  river  valleys  in  the  Rockies  between  two 
glacial  rivers  or  valleys ;  while  the  gravel  terraces  along  the  slopes 
and  the  flats  of  the  Strule,  Moume,  and  Foyle  valleys,  if  we  allow 
for  the  subsequent  modification  due  to  meteoric  denudations,  are 
very  similar  to  those  of  the  Bow  river,  Alberta. 

The  genesis  of  these  terraces  in  the  valleys  of  the  rivers  of  the 


^  Some  lakes  may  have  *<  broken  forth,"  on  account  of  a  chan^  in  the  level  of 
the  land,  as  I  have  elMwhere  suggested,  giving  reasons  in  connexion  with  Galway  Bay* 
and  Lough  Corrib, 
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**Foot  hills"  has  not  as  yet  been  satisfactorily  explained;  it  is, 
however,  evident  that  they  are  adjuncts  of  rivers  from  an  alpine 
region.  They  die  out  as  the  lower  open  valley  is  reached,  while 
elsewhere  they  are  connected  with  greater  or  less  flats.  As  their 
different  characteristics  are  common  both  to  the  present  Canadian 
and  these  ancient  Irish  river  valleys,  it  seems  not  improbable  that 
the  terraces  in  both  had  a  common  origin. 

It  may  be  pointed  out  that  the  term  "Esker  gravel"  seems 
to  be  getting  very  mixed.  "Esker  gravel" — ^proper— is  the 
gravel  due  to  the  action  of  the  ''  Esker  sea"  that  once  occupied 
the  central  plain  of  Ireland.  Now,  however,  both  in  Ireland 
and  America  the  term  is  being  applied  to  all  gravels  if  heaped  up 
in  ridges.  This  in  one  sense  is  correct,  as  all  are  ^'  eskers,"  le. 
ridges;  but  the  term  ought  to  be  restricted  to  marine  gravels. 
This  is  not  the  case  in  the  Co.  Fermanagh,  or  in  different  places 
in  the  United  States  of  America,  where  drift  called  eskers  or 
kftms  is  evidently  either  of  fluvial  or  glacial  origin.  Such,  it 
would  appear,  was  the  origin  of  most  of  the  gravels  of  Fermanagh 
and  western  Tyrone.  But  in  south-east  Tyrone  it  would  appear 
as  if  the  '^  Esker  sea"  came  into  some,  at  least,  of  the  valleys,  thus 
causing  a  blending  of  the  Esker  sea  and  the  glacial  gravels.  A 
similar  phenomenon  may  possibly  also  have  taken  place  in  the 
lower  levels  in  the  Co.  Fermanagh,  as  the  surface  of  Lower 
Lough  Erne  is  about  150  feet  over  ordinary  low  water  in  Donegal 
Bay. 
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LVn.— ON    THE    INVERSION    OP    CENTROBARIC    BODIES. 
By  THOMAS  PRESTON,  B.A. 

[Communicated  by  Professor  G.  F.  Prrz  Gebald.] 

[Read,  June  1, 1887.] 

If  Jf  be  any  figure,  and  0  a  fixed  origin,  and  if  to  eaoli  point  P 
olMdk  corresponding  point  P'  be  taken  on  the  radius  vector  OPy 
such  that 

OP.  OP"  =  A  constant  =  a\  (1) 

a  figure  JT  is  obtained,  which  is  termed  the  inverse  of  Jf. 


Now  if  M  be  any  continuous  mass  or  any  distribution  of 
matter,  and  if  at  F  an  element  of  mass  dm'  be  placed,  such  that 

dm'  =  -  dnij  (2) 

r 

where  dm  is  the  element  of  mass  at  P,  and  r  =  OPy  we  obtain  a 
distribution  of  matter  3f' ,  the  density  p  of  which  at  any  point  F 
is  connected  with  the  density  p  of  Jf  at  the  corresponding  point  P, 
by  the  equation 

"'-(?)■"-©■"■  w 

where  /  =  OF.  This  equation  foUows  at  once  from  the  relation 
dv:dtf  =  f*:if;  the  elements  of  volume  at  P  and  F  heing  dv 
and  dv\ 
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Henoe,  if  the  density  of  Jf  be  uniform,  the  density  at  any  point 
of  IT  will  vary  inversely  as  the^A  potoer  of  its  distance  from  0, 
So  also,  if  if  be  a  uniform  superficial  distribution,  M'  will  be  a 
superficial  distribution  of  density  varying  inversely  as  the  cube  of 
the  distance  from  0. 

It  may  be  remarked  that  if,  in  equation  (3),  p  varies  inversely 
as  the  fifth  power  of  r,  then  /o' is  uniform ;  that  is,  if  if'  be  inverted 
from  0  the  inverse  mass  will  be  of  imiform  density.  However,  if 
any  other  origin  ff  be  taken,  and  if  if '  be  inverted  with  respect  to 
(y  and  a  radius  a",  then  the  density  p'  of  this  second  derived  dis- 
tribution will  be  given  by  the  equation 


$ 


where  ff^  is  the  inverse  of  0  with  respect  to  (/.  Hence  the  density 
of  if'',  the  inverse  of  if'  with  respect  to  ff,  varies  inversely  as  the 
fifth  power  of  the  point  from  (/\  the  inverse  of  (/. 

Or  a  body  J  the  density  of  which  varies  inversely  as  the  fifth  power 
of  the  distance  from  a  fixed  point  inverts  into  a  body  qf  density  ^  vary- 
ing inversely  as  the  fifth  power  of  the  distance  from  the  inverse  point. 

Again,  for  the  total  mass  of  if'  we  have 


if  -  f  rfm'  «  f  ^  rfm  =  a  [^  =  aVo, 


(4) 


where  Vo  is  the  potential  of  the  mass  if  at  the  origin  0. 

It  is  also  easily  seen  that  F*,  the  potential  of  if  at  any  point  A^ 
is  connected  with  P,  the  potential  of  if'  at  the  inverse  point  A\ 
by  the  equation.  (Thomson  and  Tait,  Natural  Philosophy^  Part  ii. 
Art.  616). 

a  ^  ' 


Gas£  of  a  Centrobaric  Body. 

If  the  mass  if  be  centrobaric,  that  is,  such  that  it  attracts  any 
other  portion  of  matter  as  if  all  its  mass  were  collected  at  C^  its 
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centre  of  inertia,  we  have  for  the  potential  of  if  at  J 

'^     AC 

Therefore,  by  equation  (5)  the  potential  V  of  iT  at  ^'  is  given  by 

04  ^      OO;   ^        a.M 
^'   a     AO^  A'CT'  a  °  A'C  00, 

where  C'  is  the  inverse  of  0.  But  Ml 00  is  the  potential  of  M  at 
0 ;  therefore  by  (4)  we  have 

^    A' a' 

that  iSy  the  potential  of  M'  at  any  point  A'  is  the  same  as  if  all  its 
mass  were  ooneentrated  at  C,  the  inverse  of  0.  Henoe  we  have 
the  following 

Theorem. 

ffany  mass  M  be  centrobaric j  the  inverse  mass  M'  m  aho  centro* 
baric,  and  the  centre  of  mass  of  the  latter  is  the  inverse  of  the  centre  of 
mass  of  the  former. 

Thomson's  Theorems. 

Sinoe  a  uniform  sphere  is  a  oentrobario  body,  attracting  any 
external  matter  as  if  its  mass  were  all  concentrated  at  its  centre, 
we  have  at  once  the  following  theorems  of  Sir  W.  Thomson : — 

(1).  A  sphere,  the  density  of  which  varies  inversely  as  the 
distance  from  a  fixed  point  0,  attracts  any  other  portion  of  matter 
as  if  its  mass  were  all  collected  at  a  certain  point,  viz.  the  inverse 
of  0  with  respect  to  the  sphere. 

[For  the  inverse  of  a  uniform  sphere  is  a  sphere,  the  density  of 
which  varies  inversely  as  the  fifth  power  of,  the  distance  from  the 
origin,  and  the  inverse  of  its  centre  is  the  inverse  of  the  origin  with 
respect  to  the  inverse  sphere.] 

(2).  An  infinitely  thin  shell,  the  density  of  which  varies  in- 
versely as  the  cube  of  the  distance  from  a  fixed  point  0,  attracts 
any  other  portion  of  matter  as  if  the  mass  of  the  shell  were  all 
concentrated  at  a  point,  viz.  the  inverse  of  0  with  respect  to  the 
shell. 
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LVm.— ON  A  MECHANICAL  METHOD  OP  CONVERTING 
HOUR-ANGLE  AND  DECLINATION  INTO  ALTI- 
TUDE AND  AZIMUTH,  AND  OF  SOLVING  OTHER 
PROBLEMS  IN  SPHERICAL  TRIGONOMETRY.  Bt 
A.  A.  RAMBAUT. 

[Bead,  April  20,  1887.] 

The  principle  of  this  instroment  is  bj  no  means  new.  It  was  in- 
Tented  by  De  St.  Bigaud,  a  Jesuit  father,  about  the  beginning  of 
the  seventeenth  oentuiy,  in  the  form  of  a  sundial,  which  is  described 
in  the  ninth  edition  of  the  Encyclopcedia  Britanniea, 

The  application  of  the  principle,  however,  to  the  problem  of 
converting  the  place  of  a  star  from  one  set  of  co-ordinates  to 
another  has  never,  so  far  as  I  am  aware,  been  pointed  out 

Li  the  spherical  triangle,  whose  vertices  are  the  pole,  the  semth, 
and  the  star,  and  whose  sides  are,  therefore,  the  complements  of 
the  latitude,  the  declination,  and  the  altitude  respectively,  while 
its  angles  are  the  hour-angle,  parallatic  angle,  and  north  azimuth, 
we  have  the  following  relations : — 

sinA^sinSsin^  +  cosScos^cos^,  (I) 

and  sinS  B  sinA  sin^  +  cosA  coB^  cos.^,  (2) 

in  which        A  »  altitude,  A  «  azimuth, 

S  a  declination,  t  »  hour-angle, 

^  =  latitude. 

The  construction  due  to  De  St.  Bigaud,  and  on  which  the 
principle  of  this  instrument  is  based,  is  as  follows : — 

With  C  as  centre,  aud  AC  as  radius  (see  fig.  I),  describe  a 
semicircle.  Draw  CF  at  right  angles  to  AC.  Make  the  angle 
FAC  equal  to  the  latitude.    Draw  FL  at  right  angles  to  AF. 

Now  to  find  a  star's  altitude,  being  given  its  hour-angle  and 
declination,  make  FAO  equal  to  the  declination,  and  ACD  equal 
to  the  hour-angle.  Draw  DF  at  right  angles  to  ^C7.  With  0  as 
centre,  and  OA  as  radius,  describe  a  circle  cutting  DF  in  J.  Then 
the  angle  between  GI  and  FC  is  the  altitude. 
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To  prove  this,  draw  OK  parallel  to  FC  and  Off,  and  IE  at 


/  H 

\ 

G 

a/^    k       > 

c 

B              N. 

V    1 

I 

/ 

J  X 

r"*^ — 1 

1 

y 

Pig.  1. 


right  angles  to  it.    Then 


.     -^-    IK     ffO  +  KC 
^I^^-lO -JQ- 

ffO   FO     EC  AC  AF 
^  FO  '  AO'^  CDAF'AO 

B  sin  S  sin  ^  +  008  S  oos  ^  008  ^. 

Therefore  lOK^  h. 

Equation  (2)  may  be  obtained  from  (1)  bj  writing  A  and  h  for 
t  and  S  reepeotively,  and  vice  versa.  We  thus  see  that  if  FAO^  h, 
and  lOK-^  8,  then  AOD  =  A. 

The  instrument  which  I  have  to  describe  consists  of  a  circle  M, 
graduated  in  hours  and  minutes  on  the  inner  side  of  the  circum- 
ference, and  in  degrees  on  the  outer  side,  to  facilitate  the  readings 
of  hour-angles  and  azimuths  respectively.  There  is  a  straight 
edge  corresponding  to  the  line  FL  in  figure  1  graduated,  so  as  to 
read,  at  any  point  O  (fig.  1),  the  angle  between  the  lines  AF  and 
AO,  and  along  this  slides  a  piece  NO  which  carries  a  pointer,  and 
can  be  set  at  any  required  graduation. 
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BoTind  a  pivot  X  fixed  in  NO  rotates  a  dotted  pieoe  jB,  whioh 
oan  be  damped  at  17  to  the  diso  Vy  the  edge  of  which  disc  ifl 
graduated  in  degrees.    A  pointer  Q  is  attaohed  to  the  piece  NO. 


Fig.  2. 

P  is  a  cyliudrical  pin  passing  through  R  at  right  angles.  Finallj 
/Sr  is  a  straight  edge,  which  is  always  at  right  angles  to  YZ  (or  to 
AC  J  fig.  l)y  along  which  it  slides. 

Now  in  fig.  1  the  angle  between  10  and  OL  is  ^  +  A.  Accord- 
ingly, by  causing  the  direction  of  the  zero  of  the  graduation  on  V 
(fig.  2)  to  make  an  angle  ^  with  that  of  jB,  the  pointer  Q  reads  the 
altitude  directly. 

To  flod  the  Altttnde  of  a  star,  therefore,  it  is  necessary  to  set 
NO  to  the  declination.  Unclamp  17,  and  bring  P  up  to  the  point  A 
(fig.  1).  Clamp  U.  Slide  8T  along  TZ  till  it  cuts  the  circle  M  at 
the  hour-angle.  Botate  i2  till  P  touches  ST.  Then  the  pointer  Q 
reads  off  the  altitude. 
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To  find  the  Admntliy  set  NO  to  the  altitude  which  we  have 
jofit  foTind.  TTnolainp  Uj  and  bring  P  up  to  the  point  A  (fig.  1). 
Clamp  Uf  and  rotate  22  till  Q  reads  the  declination.  Slide  ST  till 
it  comes  into  contact  with  P,  and  its  intersection  with  the  cirde  M 
will  then  give  the  azimuth. 

Since  the  section  of  the  pin  P  is  not  a  point,  but  a  circle  of  con« 
siderable  radius,  in  consequence  of  which  8T  is  always  too  far  to 
the  right  by  the  length  of  the  radius  of  P,  it  is  necessary  to  shift 
the  circle  if  to  the  right  by  the  same  amount  without  altering  its 
radius. 

There  are  some  other  problems  of  minor  interest  which  this 
instrument  solves  very  easily. 

For  instance,  the  time  of  rising  or  setting  of  a  heavenly  body 
corrected,  if  necessary,  for  refraction,  can  be  very  easily  obtained. 
For,  since  the  horizontal  refraction  may  be  taken  at  36^,  it  is  only 
necessary  to  set  NO  to  the  declination  of  the  body,  and  the  pointer 
Q  to  -  36',  and  the  point  where  8T  cuts  the  circle  If,  when  in 
contact  with  P,  then  gives  the  hour-angle  of  rising  or  setting. 

To  find  the  length  of  twilight  on  any  given  day,  find  the  time 
of  sunset  as  above.  Then,  by  rotating  the  piece  jK  till  Q  reads 
-  18**,  we  get  the  hour-angle  of  the  sun  when  18®  below  the 
horizon,  which  gives  the  end  of  twilight. 

For  stars  near  the  pole,  or  when  a  star  is  approaching  the 
zenith,  the  rapid  increase  in  the  tangents  of  the  decUnation  and 
altitude  will  render  the  determination  of  the  altitude  or  azimuth 
difficult,  if  not  impossible. 


SCtBK.  PSOO.  B.D.B.— TOXm  T.,  PT.  YUI.  2  T 
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LIX.  — ON   TWISTED   COPPER  WISE.      By   S.   M.  DIXON. 
[Gommunioated  by  Pbovbbbqb  O.  F.  FitzGxbald]. 

[Eead,  June  1, 1887.] 

If  a  pieoe  of  oopper  wire  be  given  a  great  number  of  turns  of 
permanent  longitudinal  twist,  some  of  its  physical  properties  are 
found  to  be  greatly  changed.  It  is  no  longer  ductile,  and  it  breaks 
instead  of  receiving  a  large  permanent  set,  when  it  is  distorted 
beyond  its  limit  of  elasticity. 

The  question  naturally  arises,  How  have  the  moduluses  of 
elasticity  been  changed  by  this  permanent  twist  P  To  answer  this 
the  following  experiments  were  made : — 

Some  ordinary  commercial  copper  wire,  such  as  is  used  by 
bell-hangers,  was  taken.  Its  specific  gravity  was  found  to  be 
8*915,  and  from  this  its  diameter  was  calculated  to  be  '0398 
inch.  This  wire  was  then  hung  perpendicularly,  the  upper  end 
being  firmly  fixed  to  a  rigid  support,  and  on  the  lower  end  was 
screwed  a  small  vice,  with  a  hook  carrying  a  scale-pan,  which 
weighed  1  lb.  A  weight  of  4  lbs.  was  placed  in  this,  the  wire 
being  thus  ahnost  completely  freed  from  kinks.  Young's  modulus 
for  this  wire  was  then  found  to  be  8,000,000  lbs.  per  square  inch, 
and  it  could  be  loaded  with  14  lbs.  without  any  appreciable 
permanent  set  being  produced,  the  wire  being  broken  by  34^  lbs. 
Several  experiments  were  made  with  more  of  this  wire,  and  the 
mean  results  are  given  in  the  Table  at  the  end  of  this  Paper. 

Twenty-seven  feet  of  the  wire  were  then  given  4900  turns  of 
permanent  longitudinal  twist.  The  mode  of  twisting  was  as 
follows : — One  end  of  the  wire  was  clamped  to  the  armature  of  a 
Qramme's  magneto-electric  machine,  which  was  driven  by  two 
Grove's  cells.  The  other  end  of  the  wire  was  fastened  to  a 
movable  support.  This  support  had  to  be  moved  slowly  from  the 
Gramme,  as  the  wire  increased  in  length  as  it  was  twisted.  The 
number  of  turns  given  to  the  wire  was  counted  by  means  of  a 
velocimeter  held  on  the  Granmie.  The  first  experiment  showed 
that  the  specific  gravity  had  diminished ;  but  this  result  was  found 
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to  have  been  falsified  bj  the  air  which  adhered  to  the  roughened 
surface  of  the  wire,  for  on  boiling  the  wire  in  water,  the  speoifio 
gravity  then  found  was  identical  with  that  of  the  untwisted 
wire.    The  diameter  of  the  wire  was  reduced  to  '0382  inch. 

On  making  experiments  on  this  wire  similar  to  those  made  on 
the  ordinary  wire,  Young's  modulus  was  found  to  have  increased 
to  14,500,000,  its  breaking  weight  to  42  lbs.,  and  28^  lbs.  were 
necessary  to  produce  a  permanent  set. 

By  drawing  the  first  wire  slowly  by  a  weight,  gradually  in- 
oreased  to  its  breaking  weight,  Young's  modulus  became  15,000,000, 
which  was  practically  the  same  value  as  the  modulus  of  a  piece  of 
wire  twisted  till  it  broke. 

To  find  the  effect  of  twisting  a  wire  which  already  had  a 
permanent  set,  14  feet  of  the  drawn  wire  were  given  3200  turns 
of  permanent  twist.  Now,  although  it  increased  in  length,  as  did 
the  first  wire,  still  its  breaking  weight  was  unaltered:  Young's 
modulus  was  reduced  to  11,500,000  lbs.  per  square  inch,  and  21  lbs. 
produced  a  permanent  set. 

The  next  experiment  shows  how  much  the  limit  of  elasticity 
for  bending  was  altered.  Young's  modulus  being  hardly  changed. 
A  piece  of  copper  wire  12  inches  long  and  ^  inch  diameter  was 
given  180  turns  of  permanent  twist  in  the  lathe.  This  wire  was 
then  held  horizontally  by  one  end  being  clamped  in  a  vice,  while 
from  the  other  was  suspended  a  light  pan  for  carrying  weights.  It 
was  now  found  necessary  to  load  the  pan  with  1  lb.  to  produce  a 
permanent  set.  For  a  piece  of  ordinary  wire  of  the  same  dimen- 
sions 4-  of  this  weight  produced  a  permanent  set.  Yet  in  the  case 
of  these  two  wires  there  was  very  little  difference  in  Young's 
modulus,  the  values  of  it  being  12,500,000  and  12,000,000  lbs. 
per  square  inch  respectively. 

When  a  wire  had  once  been  given  a  permanent  set  by  twisting, 
it  was  found  that  turning  the  wire  in  either  direction  had  exactly 
the  same  effect.  For  example,  three  pieces  of  wire,  each  4  feet 
long,  broke  when  given  1430, 1380,  and  1420  turns  respectively; 
and  when  a  piece  of  wire  of  the  same  length  was  first  given  700 
turns  in  one  direction,  it  broke  when  twisted  696  times  back  in 
the  contrary  direction. 

Wire  *0398  inch  diameter,  when  given  an  average  of  30  turns 
to  an  inch,  was  so  brittle  that  it  could  not  be  wound  on  a 
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qylinder  '9  inch  without  breaking.      The  eleotrical  re&staaoe  was 
foimd  to  have  increased  8*3  per  cent. 

Table  giving  the  Mean  Remits  of  Experimente  made  on  the  ElasOcUy 
of  Ttcisted  Copper  : — 


Young's  Modulus 

in  millioiu 
of  lbs.  per  sq.  indi. 

Weig^ht  prodocins 

permanent  set, 
in  lbs.  per  sq.  inch. 

Breaking  ^fvetgbt 

in  lbs.  per  square 

inch. 

Ordinaiy  Wire, 

Ordinary  Wire  twisted,  . 

Ordinary  Wire  drawn  ) 
by  breaking  weight,  ) 

Drawn  Wire  twisted,      . 

7-6 
150 
150 
11-5 

16,200 
32,900 

24,600 

37,900 
49,300 
87,900 
87,900 
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LX.— ON  THE  EFFECT  OF  CONTINENTAL  LAND  IN  ALTER- 
ING THE  LEVEL  OF  THE  OCEAN.  By  EDWARD 
HULL,  LL.D.,  F.R.S.,  &c.,  Director  of  the  Geological 
Survey  of  Ireland. 

[Bead,  March  23,  1887.] 

When  looking  into  the  work  of  Professor  Edward  Suess,  "  Das 
Antlitz  der  Erde/'  ^  I  was  much  surprised  on  lighting  on  a  passage 
in  whioh  the  author  appears  to  adopt  the  view,  that  in  some  oases 
the  level  of  the  surface  of  the  ocean  along  the  margin  of  a  conti- 
nent maybe  as  much  as  1100  metres  (or  3380  Parisian  feet)  above 
that  of  the  surface  along  the  shores  of  a  mid-oceanic  island ;  that  is 
to  say,  so  much  further  from  the  centre  of  the  earth  in  the  same 
parallel.  This  statement  is  founded  on  a  formula  adopted  by 
Fischer'  for  the  determination  of  the  relative  levels  by  means  of 
oscillations  of  the  daily  second's  pendulum  at  different  stations 
along  a  continental  coast,  and  a  mid-oceanic  island,  to  the  effect 
that  the  amount  in  metres  will  be  nearly  122  times  the  difference 
in  the  number  of  such  oscillations.  No  special  stations  are  men- 
tioned ;  but  he  takes  an  example  where  the  difference  in  the  num- 
ber of  oscillations  amounts  to  nine,  giving  the  result  of  1100  metres 
(in  round  numbers),  above  stated.  In  any  case  this  is  sufficiently 
startling,  and,  if  correct,  would  be  a  great  advance  on  the  views 
generally  held  on  this  subject.  If  correct,  even  approximately,  it 
is  clear  that  large  portions  of  continental  lands  are  submerged 
which  would  otherwise  be  uncovered ;  while  many  islands  owe  their 
existence  as  such  to  the  abnormal  lowering  of  the  ocean  surface  at 
a  distance  far  removed  from  continents. 

To  some  extent  this  is  true ;  but  the  question  arises,  to  what 
extent  even  in  extreme  cases. 

As  the  length  of  the  second's  pendulum  is  proportionate  to  the 


1  "  Das  Antlitz  der  Erde,"  Ut  Abtefl.,  p.  S  (1883). 

>  Fischer,  «  UntersnclmngeTi  iiber  die  Gestalt  der  Erde  "  (1868). 
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attraction  of  gravitation,  and,  therefore,  with  some  correctionfi  for 
local  irregularities,  to  the  distance  from  the  centre  of  the  earth,  we 
have  a  means  of  ascertaining  approximately  the  ocean-level  at 
different  points ;  and  numerous  observations  of  the  length  of  the 
pendulum  have  been  made  both  on  continents  and  in  islands. 
These  have  been  collected  by  Airy  in  his  elaborate  article  on  "  The 
Figure  of  the  Earth,"  published  in  the  Encychpcedia  Meiropolitanaj 
from  which  I  extract  a  few  special  examples.  It  will  be  observed 
that  the  length  is  mainly  determined  by  the  latitude.  The  obser- 
vations were  originally  made  by  Sabine,  Biot,  and  others,  and  are 
considered  by  Aiiy  as  "  first-rate  observations  "  in  contradistino- 
tion  to  others,  which  he  classes  as  "  second-rate."  ^ 


Station. 

Latitude. 

Second  PenduTnm  is 
English  inche*. 

Disereocfi 

in 
Vtbntioot. 

Spitzbergen, 

.    79°60'N.    .     . 

89-21469     .     . 

+  4-8 

Hammerfest, 

.    70  40 

•19475     .     . 

-0^4 

Siockhohn, 

.    59  21 

•16641     . 

.    +0^5 

London, 

.     61   81 

•18929     . 

,    -0-2 

Paris, 

.    48  50 

•12851     . 

.    -1-9 

Bordeaux,    . 

.    44  50 

•11296    . 

.    -8-7 

Toulon, 

.     48     7 

•10952     . 

.    -01 

Oalifomia  (?  Mexico), 

.    21   80 

•08829    . 

.    -6-0 

Sandwich  Islands, 

.    20  52 

•14690    . 

.    +6-2 

Jamaica, 

.     17  56 

•08608    . 

.    -0-8 

Marian  (or  Marianne] 
Islands, 

h8  28 

•08879    . 

+  6-8 

Sierra  Leone, 

.      8  80 

•01997    . 

.    -1-8 

St.  Thomas,"       . 

.      0  26 

•02074    . 

.    +4^4 

Ascension  Island, 

.      7  56  S.    . 

•02868    . 

.    +84 

The  name  '^  California  "  in  the  above  Table  is  clearly  a  mistake, 
if  we  go  by  the  latitude,  which  is  the  more  reliable  of  the  two. 
California,  as  at  present  represented  on  our  maps,  does  not  reach 
so  far  south  as  21°  30'  N.  latitude.  The  cause  of  the  decrease  in 
the  length  of  the  second's  pendulum,  as  we  proceed  from  the  poles 
towards  the  equator,  is  twofold— first,   on   account  of  the  in- 


>  Airy,  "Figure  of  the  Earth,"  Eneyelopadia  MHropoUianay  vol.  v.,  p.  229. 
*  Island  in  Gulf  of  Guinea. 
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creasing  distanoe  of  bodies  on  the  earth's  surface  from  the  centre  of 
the  earth,  due  to  the  oblate-spheroidal  form  of  the  earth  itself ;  and, 
seoondljy  on  account  of  the  decrease  of  gravity  due  to  the  increas- 
ing centrifugal  force  depending  on  the  velocity  of  the  earth's  rota- 
tion. Both  these  causes  act  in  the  same  direction  in  lessening  the 
gravity  of  bodies  towards  the  equator;  and,  as  a  consequence, 
causing  a  decrease  in  the  length  of  the  second's  pendulum.  The 
total  variation  in  the  length  between  those  at  the  equator  and 
the  poles  amounts  to  0*222  of  an  inoh.^ 

From  the  data  thus  obtained  we  can  determine  the  number  of 
oscillations  of  a  pendulum  of  the  same  length  (or  the  same  pendu- 
lum) on  a  continental  and  oceanic  station ;  and,  applying  the  for- 
mula stated  by  Suess,  viz.  122  times  the  difference  in  the  number 
of  oscillations  at  two  stations  on  (nearly)  the  same  latitude,  we 
obtain  the  result  in  metres. 

The  results  of  the  German  physicists  will  probably  surprise 
many  who  have  been  under  the  impression  that  the  difference 
of  level  of  the  surface  of  the  ocean,  relatively  to  a  geodetic 
surface,  does  not  very  much  vary.  Comparing  the  maximum 
and  niininnnm  results,  it  will  be  observed  that  the  difference 
of  level  between  California  (or  Mexico)  and  the  Sandwich  Islands 
amounts  to  no  less  than  4520  feet.  The  great  rise  in  the  ocean 
surface  along  the  coast  of  California  is  accounted  for  by  the  extent 
and  elevation  of  the  mountain  ranges  along  the  American  coast ; 
and  this  notwithstanding  the  existence  of  the  G-ulf  between  the 
peninsula  and  the  main  land.  The  attractive  influence  of  a  moun« 
tain  range  near  the  coast  is  here  clearly  illustrated ;  and  even  more 
remarkable  results  might  be  expected,  were  a  comparison  instituted 
between  stations  on  the  coast  of  Peru  and  the  Marquesas,  or  Society 
Islands,  in  the  centre  of  the  Pacific." 

Having  called  the  attention  of  the  President  of  the  Boyal 
Society,  Professor  G.  G.  Stokes,  to  the  statement  in  Suess's  work, 
in  which  his  name  appears,  and  requesting  his  views  thereon,  I 
have  been  favoured  with  the  following  reply,  which  is  inserted  by 
permission : — 


>  Haughton,  "  Natural  Philosophy." 

*  It  is  greatly  to  be  desired  that  pendulum  observations  should  be  undertaken  on 
the  PeruTian  coast.    The  Sandwich  Islands  would  then  answer  for  comparison. 
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"Lenbfield  GoTTAaB,  Gambbidgk, 
"  26tA  February,  1887. 
"  My  dsab  Sib, — 

"  I  am  afraid  yon  will  think  I  have  forgotten  the  qnestion  yoa 
asked  me  in  your  letter.  It  is  not  so.  But  I  thought  that  befoi« 
answering  it  I  would  look  into  Professor  Sness's  book,  if  I  could  find 
it.  It  is  not,  however,  either  in  the  University  Library  or  in  that  of 
the  Boyal  Society.  But  if  I  had  fomid  it  I  do  not  know  that  I  should 
have  been  much  the  wiser ;  for,  as  you  say,  he  gives  no  numerical 
data  as  to  the  dimensions  of  the  supposed  continent,  nor  does  he 
specify  what  the  continent  actually  is,  if  he  is  dealing  with  a  real,  not  an 
ideal,  continent. 

<<  In  a  Paper  <0n  the  Variation  of  Gravity  at  the  BurfiEuse  of  the 
Earth,'  which  I  wrote  long  ago,  and  which  is  published  in  the 
TrantacHons  of  the  Camhridge  PhUosophical  Society  ^^  and  in  my  collected 
Papers,  of  which  as  yet  only  two  volumes  have  appeared,  I  showed 
that  the  effect  of  a  continent  would  be  to  make  a  slight  apparent 
diminution  of  gravity  in  continental  stations  as  compared  with  de- 
tached oceanic  islands.  It  operates  in  this  way : — that  the  attraction 
of  the  land  causes  the  surface  of  the  sea  level,  the  level  surface,  that  is, 
which  would  be  determined  by  a  system  of  geodetic  levelling  carried 
firom  the  coast  inwards,  to  stand  higher  firom  the  centre  of  the  earth 
than  it  would  have  done  had  the  place  of  the  continent  been  occupied 
by  ocean.  The  raising  of  the  sea-level  is  greatest  inland ;  but  it  is 
quite  sensible,  and  even  important,  at  the  coast  itself  of  the  continent. 

"How  much  the  rising  amounts  to  depends,  of  course,  on  the 
dimensions  you  attribute  to  the  continent,  and  the  height  you  give  it 
above  the  undisturbed  level  of  the  sea.  To  take  a  numerical  example, 
I  suppose  the  case  of  a  circular  island  or  continent,  whichever  you 
please  to  call  it,  one  thousand  miles  in  diameter,  and  elevated  a  quarter 
of  a  nule  above  the  sea-level.  I  suppose  the  depth  of  the  ocean,  in 
which  this  island  is  supposed  to  be  placed,  to  be  two  miles. 
I  make  the  usual  suppositions  as  to  the  average  density  of  the 
rocks,  &c.,  in  the  neighbourhood  of  the  earth's  surfsuse,  and  as  to 
the  mean  density  of  the  earth,  which  is  fEurly  well  ascertained.  I 
find  the  elevation  of  the  sea-level  in  the  interior  of  the  island, 
or  continent  (Australia),  a  good  way  firom  the  coast,  to  be  about 

1  Vol.  Tiii.  (1849),  pp.  672-696. 
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four  hundred  feet.  Of  course  in  a  great  continent  it  might  be  con- 
siderably greater.  This  would  cause  an  apparent  diminution  of  gravity 
in  continental  stations — I  mean,  of  course,  in  gravity  as  reduced  by 
the  usual  methods  to  the  level  of  the  sea.  In  the  first  place,  in  re- 
ducing to  the  level  of  the  sea  we  leave  out  of  consideration  the  attrac- 
tion of  the  stratum  of  earth  between  the  actual  sea-level  and  what  the 
sea-level  would  have  been  if  the  continent  had  been  away.  As  far  as 
this  goes,  corrected  gravity  ought  to  appear  too  great.  But  in  the 
second  place,  in  reducing  to  the  level  of  the  sea,  we  reduce  to  a  point 
further  from  the  centre  of  the  earth  than  we  should  have  done  if  the 
sea-level  had  been  unchanged  ;  and  therefore  in  correcting  we  don't  add 
enough  to  bring  it  up  to  what  it  would  have  been  if  ocean  had  been 
beneath  us  instead  of  land.  On  this  account,  therefore,  gravity  should 
appear  too  small — I  mean  reduced  gravity.  The  two  effects  on  ap- 
parent gravity  are  antagonistic,  but  the  second  is  the  stronger,  so  that 
on  the  whole  gravity  ought,  ccBteris  paribtis,  to  appear  a  little  less  on 
continents  than  on  detached  islands.  Sabine  and  Airy  have  pointed 
out  that  such  appears  to  be  the  result  of  observation  ;  but  so  far  as  I 
know,  I  was  the  first  to  point  out  that  such  a  result  ought  to  follow 
from  the  attraction  of  a  continent  by  disturbing  the  sea-level. 

**  Far  inland  the  thing  could  only  be  tested  in  those  cases  where 
the  sea-level  has  been  accurately  determined  by  geodetic  operations. 
We  could  not  accordingly  throw  much  light  on  the  question  by  means 
of  pendulum  observations  in  Thibet. 

**  I  am,  dear  sir, 

•*  Yours  very  truly, 

••  G.  G.  Stokes. 
**E.HuLL,  Esq.,  P.R.S. 

"P.S. — You  will  find  Airy's  discussion  in  his  article,  'Figure  of 
the  Earth,'  in  the  Encyclopedia  Metropolitana, 

**  An  elevation  of  four  hundred  feet,  even  if  there  had  been  no  in- 
tervening attraction  to  reduce  the  resulting  diminution  of  gravity 
would  only  alter  the  number  of  vibrations  per  diem  of  a  seconds  pen- 
dulum by  about  one  and  a-half.  Of  course,  apart  firom  disturbance,  the 
difference  in  the  number  per  diem  at  two  stations  on  the  same  parallel 
of  latitude  would  be  mZ,  and  therefore  the  small  difference  of  1*5  would 
be  infinity  times  that.  I  do  not  know  what  the  term  of  comparison 
used  by  Fischer  may  be." 
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In  the  oftse,  therefore,  of  a  oontineiital  island  a  thonfiand  miles 
across,  and  rising  about  1320  feet  above  the  sea-level,  the  effect 
of  the  attraction  on  the  oceanic  inraters  will  be  to  raise  the  imagi- 
nary surface  in  the  interior  about  400  feet  above  a  geodetically 
determined  level ;  while  the  rise  along  the  coast  wiU  be  less.  But 
Professor  Stokes  very  truly  adds,  the  effect  in  the  case  of  a  great 
continent  might  be  considerably  greater.  Where,  for  instance,  we 
have  a  continent  such  as  that  of  South  America,  from  2000  to 
3000  miles  across,  rising  from  an  ocean  of  an  average  depth  of 
15,000  feet,  and  bounded  by  the  giant  mountain  range  of  the 
Andes,  with  an  average  level  of  12,000  to  16,000  feet,  who  can  say 
what  the  effect  of  the  mutual  attraction  of  this  mass  of  land  on  the 
surface  of  the  Pacific  Ocean  may  amount  to  P  Certainly  consider- 
ably more  than  in  the  hypothetical  case  of  Professor  Stokes.  In 
oertain  cases  the  effect  of  this  rise,  in  altering  the  superficial 
areas  of  land  and  sea  woidd  be  very  considerable;  but,  owing 
to  the  comparatively  steep  gradients  of  the  coast  and  mountain 
slopes,  as  well  as  of  the  submerged  portions  along  the  Pacific 
borders,  the  effect  in  diminishing  the  area  of  submerged  marginal 
lands  is  less  apparent  than  if  the  gradients  were  more  gentle. 

The  same  observations  apply,  in  a  less  degree,  to  North 
America. 

The  effect  of  such  an  arrangement  of  the  configuration  of  ocean 
and  continent  as  is  presented  along  the  western  sea-boards  of  the 
American  continents,  where  extensive  mountain  ranges  and  ele- 
vated plateaus  stretch  for  thousands  of  miles  along  the  borders  of 
a  deep  ocean,  must  be  much  greater  than  is  generally  supposed. 
The  orographical  characters  of  these  continents,  'and  their  relations 
to  the  oceanic  waters,  may  be  regarded  as  affording  the  required 
conditions  for  bringing  about  a  masimimi  result  in  the  elevation 
of  the  ocean-surface.  The  most  powerful  attractive  force  is  that 
exercised  by  the  lands  immediately  adjoining  the  sea-board ;  and 
as  we  recede  from  this  line  inland  the  attractive  force  necessarily 
diminishes  as  the  square  of  the  distance.  Hence  the  conditions 
required  for  the  maximum  effect  are  found  when  there  is  an 
accumulation  of  solid  matter  in  the  form  of  mountain  ranges  dose 
to  the  coast-line;  and  this  is  exactly  what  happens  in  the  case  of 
the  American  continents.  Judging  from  the  elevations  and 
breadth  of  the  range  of  the  Andes  of  Peru,  and  Bolivia,  in  South 
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America,  and  of  the  Rooky  Mountains  of  Mexico,  in  the  northern 
continent,  it  may  be  assumed  that  the  ocean  surface  reaches  a 
higher  level  along  these  portions  of  the  coast  than  elsewhere. 

The  general  result  of  our  inquiries  seems  to  be,  that  the  form  of 
a  geodetic  section  of  the  earth,  taken  parallel  to  the  equator,  and 
at  successive  intervals  both  to  the  north  and  south  of  that  line, 
would  give  curves  of  ever-varying  irregularity  according  to  the 
position  of  land  and  water.  That  there  must  be  a  very  important 
variation  from  the  mean  ellipsoidal  form  along  the  western  margin 
of  the  two  Americas  it  is  impossible  to  doubt.  Bulgings  to  a 
smaller  extent  may  be  inferred  along  the  coast-lines.  It  is  prob- 
able that  these  equalize  one  another  over  the  whole  surface  of  the 
globe ;  and,  as  compared  with  the  diameter  of  the  globe,  they  are 
unimportant.  Nevertheless,  the  effect  of  the  elevation  and  depres- 
sion of  the  ocean  surface  must  have  been  felt  throughout  all  geolo- 
gical time.  The  effect  of  the  uprising  of  mountain  chains,  or  the 
submersion  of  lands,  in  altering  the  ocean  level,  becomes  an  impor- 
tant element  in  the  discussion  of  questions  connected  with  the 
distribution  of  land  and  sea  both  in  the  present  and  in  past  geologic 
periods. 

I  propose  to  continue  the  discussion  of  this  subject  on  a  future 
occasion,  the  present  Paper  being  only  of  a  preliminary  character. 


END  OF  VOLUME   V. 
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